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ABSTRACT
Vuke, Susan M., M.S., Spring, 1981 Geology
Depositional Environments of the Cretaceous Thermopolis, 
Muddy and Mowry Formations, Southern Madison and Gallatin 
Ranges, Montana
Director: Dr. Johnnie Moore
The Thermopolis, Muddy and Mowry Formations and equi­
valents in the northern Rocky Mountains provide a record 
of tectonic events and sedimentary environments during 
the Early Cretaceous. They reflect the southward transgres­
sion of a shallow, epeiric sea, partial northward regression 
of the sea, followed by its readvance. An increase in 
volcaniclastics and their distribution in the sediment of 
these formations indicate the presence of an eastward- 
migrating volcano-plutonic arc to the west of the seaway.
In the southern Madison and Gallatin Ranges of Montana, 
the basal sandstone of the Thermopolis Formation records 
the initial advance of the Early Cretaceous sea, and over- 
lying shale in the Thermopolis Formation indicates deepening 
of the sea. A fluvially-dominated, shallow-water delta 
(the Muddy Formation) developed in the area as the sea 
regressed. As the delta shifted out of the area, a deltaic 
marsh (Mowry Formation) formed. Fine volcaniclastics 
from the west blanketed the marsh, burying and preserving 
a fern assemblage. In the northern part of the area 
rivers reworked the volcaniclastics. Palynomorphs from 
the Thermopolis and Mowry shales in the southern Madison 
Range document the Albian age of these geologic events.
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INTRODUCTION
Most workers agree that the Early Cretaceous Thermopo- 
lis, Muddy and Mowry Formations and equivalents in the 
western interior developed in paralic to offshore environ­
ments. Interpretations of these environments, however, vary 
considerably and include: offshore marine, shoreface, beach,
chenier plain, tidal flat, deltaic distributary (Reinert 
et , 1975), alluvial plain (Baker, .1962), Gilbert-type 
delta (Mackenzie, 1971), offshore bar (Skolnick, 1958), 
fluvial, coastal marsh (Berg, 1976), barrier bar, lagoon 
(Davis et , 1969), estuary (Dresser, 1974), bay, swamp 
(Waring, 1976), nearshore bar, submarine channel (Guess and 
Swinczynski, 1968), mud flat (Knappen and Moulton, 1930), 
and turbidite (Passega, 1954).
Interpretations of sea level fluctuations during 
deposition of these formations also vary. Stapp (1967) 
notes a disconformity at the base of the Muddy Sandstone 
in the Powder River Basin and interprets the sandstone 
as transgressive. Wulf (1962) considers the lower Muddy 
Sandstone equivalent (Newcastle Sandstone) in the Williston 
Basin a regressive sandstone and the upper Muddy Sandstone 
equivalent (Dynneson Sandstone) a transgressive sandstone. 
Schwartz (1972), on the other hand, interprets the Muddy 
Sandstone equivalents of southwestern Montana as regressive 
deposits.
McGookey ^  aA. (1972) refer to the Thermopolis- 
Muddy-Mowry sequence as ’’the Muddy problem” because 
"relationships between these units have been described 
in every possible way." The variety of interpretations 
of this sequence indicates a need for detailed local 
studies of the Thermopolis, Muddy and Mowry Formations 
and their equivalents. This particular study deals with 
"the Muddy problem" in the southern Madison and Gallatin 
Ranges of southwestern Montana (Figs. 1 and 2).
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Figure 1. Location of study area in southwestern Montana
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Figure 2. Location of outcrops in study area (black dots) 
and names by which I refer to them in the text.
PREVIOUS WORK
Nomenclature
Darton (1904) designated the Mowrie beds -of the 
Benton Formation as exposures of hard, light-colored 
shale and thin-bedded sandstone along Mowrie Creek 
northwest of Buffalo, Wyoming. In 1916, Lupton pro­
posed dividing the lower part of the Benton Formation 
into the Thermopolis and Mowry (spelling change) Shales. 
He designated a type section for the Thermopolis dark, 
fissile shale and noted the presence of the "Muddy 
Sand" in its middle section. Hintze (1915) first 
published the informal name "Muddy Sand" which origina­
ted as a drillers’ term.
In 1948, Love proposed restriction of the Thermopo- 
lis to include only the part of Lupton's original 
Thermopolis Shale below the "Muddy Sand". This rede­
fined the Mowry Shale as the shale immediately above 
the "Muddy Sand", Cobban and Reeside (1952) used these 
designations in their correlation chart for the western 
interior of the United States, Pauli (1957) formally 
proposed formational status for the Muddy Sandstone and 
designated a type section northeast of Creybull, Wyoming.
Southern Madison and Gallatin Ranges
F.V. Hayden, a physician-geologist with the Reynolds 
expedition, made the first geologic investigations in the
southern Madison and Gallatin Ranges from 1850-1860, 
and again in 1871-1872. A.C. Peale did geologic recon­
naissance mapping in the area during summers of 1883 to 
1889. Little geologic work was done in the area in the 
following fifty years.
J.A. Wilsey mapped the general geology of the area 
from 1946-1948 as a Ph.D. student from Princeton Univer­
sity, but he died in 1949 before completing this work.
Two master's degree students from the University of 
Michigan, P.R. May and F.H. Reiter, did reconnaissance 
geology of parts of the area in 1950. W.B. Hall studied 
the geology of the southern Madison and Gallatin Ranges 
from 1955 to 1960 as research for a Ph.D. dissertation 
at the University of Wyoming and prepared the first 
detailed geologic map and comprehensive study of the gen­
eral geology of the area. M.S. Wilson established the 
Cretaceous stratigraphy of the southern Madison and Gallatin 
Ranges in 1968 and 1969 for a Ph.D. dissertation at the 
University of Idaho.
From 1966 to 1968, several master's degree students 
from Oregon State University, the University of Idaho 
and Montana State University worked in the southern 
Madison and Gallatin Ranges, mapping and studying the 
general geology of different areas: R.R. Rose (1967)
in the upper Taylor Fork area, J.C. Lauer (1967) on 
Snowflake Ridge, J. Ray (1967) on Cinnamon Mountain,
J.G. Bolm (1969) in the Lone Mountain area, F.M. Beck 
(1965) in the Sphinx Mountain area and R.G. Tysdal (1966) 
in the northern Gallatin Range. In 1971, T.H. Walsh 
and C. Montagne studied the Quaternary geology of dif­
ferent portions of the West Fork basin as M.S. thesis 
research at Montana State University. S.A. Sollid, a 
master's degree student at Montana State University, 
worked on the surficial geology of the Porcupine drain­
age basin in 1973. In 1975, T.H. Walsh researched the 
glaciation of the Taylor Basin area for a Ph.D. disser­
tation at the University of Idaho.
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LITHOFACIES
The-lithofacies of the Thermopolis, Muddy and Mowry 
Formations in the southern Madison and Gallatin Ranges 
reflect deposition in several paralic and offshore mar­
ine environments as well as changes in the depositional 
processes within these environments. 1 document the en­
vironments in terms of their characteristic lithologies, 
sedimentary structures, individual unit geometries, rela­
tionships with other lithofacies and overall lateral dis­
tributions. No two outcrops in the study area have the 
same suite of lithofacies, although each lithofacies 
exists at more than one outcrop (Fig. 4). Lithofacies 
information is based on over 80 measured sections at the 
outcrops shown in Fig. 2.
THERMOPOLIS FORMATION
Quartz Arenite Lithofacies Description
Hall (1961) referred to the uppermost sandstone of 
the Kootenai Formation in the southern Madison and Galla­
tin Ranges as the "case-hardened sandstone." Wilson 
(1970) applied the name "rusty beds member" to this sand­
stone, in keeping with nomenclature generally applied to 
rocks of similar lithology and stratigraphie position in 
Wyoming. While other workers also place the "rusty beds" 
in the upper Kootenai Formation (Lee, 1927; Love, 1948; 
Thompson, et al., 1949), Hintze (1915) and Lupton (1916)
present 
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Figure 4. Lithofacies of the Thermopolis, Muddy and Mowry Formations in the study area
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orig-inally considered it the lowest lithology of the 
Thermopolis Formation. For this reason and because many 
workers note a disconformity separating the upper Kootenai 
from the "rusty beds" (Roberts, 1965), I also include 
the "rusty beds" as a lower member of the Thermopolis 
Formation.
Disagreement also exists concerning the nature of 
the upper Kootenai-"rusty beds" contact. Some authors 
show a continuous unconformity between these lithologies 
throughout western Montana and Wyoming (McGookey e^ ,
1972; Roberts, 1972; Strong, 1969). Roberts (1972) 
believes the hiatus was short on the basis of fossil evi­
dence. Schwartz (1972) considers the contact between 
the Kootenai and "rusty beds" equivalents gradational in 
westernmost Montana becoming unconformable eastward.
However, James (1977) found no physical evidence of a 
laterally persistent unconformity between the Kootenai 
and "rusty beds" equivalents anywhere in western Montana, 
although this does not preclude the possibility of a dis­
conformity detectable only through detailed fossil studies.
The contact appears physically conformable in the southern 
Madison and Gallatin Ranges as well, except for a slight 
angular unconformity at the upper South Fork section (Fig. 5).
I refer to the "rusty beds member" of the Thermopolis 
Formation as the quartz arenite lithofacies in the southern
12
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Figure 5. Four sections from "gastropod limestone" to top of 
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Madison and Gallatin Ranges. It contains five to twelve 
thin (0.2 to 4.0 m), mature sandstone layers interbedded 
with argillaceous limestone, siltstone and shale (Upper 
South Fork and Middle Fork, Fig. 5) to one or two thick 
(8.5 to 17 m) sandstone layers which consist of either 
mature sandstone or less mature sandstone with numerous 
thin siltstone interbeds (Tumbledown Ridge and Porcu­
pine Ridge, respectively. Fig. 5). The mature sandstones 
are fine- to medium-grained, well-sorted, well-rounded and 
moderately- to well-cemented, predominantly by quartz 
overgrowths. Typically, limonite specks are interspersed 
with the sand grains and outcrop surfaces are covered 
with an iron oxide stain. Beds are massive or show 
evidence of bioturbation as tubes and burrows in all 
orientations (Fig. 7A). The most common sedimentary 
structures observed are oscillation ripple marks (Fig.
7B). Low-angle laminations, asymmetrical ripples and 
trough crossbeds also occur.
Quartz Arenite Lithofacies Environmental Interpretation: 
Shoreface of Transgressing Sea
The offshore-shoreface transition on the coast of 
Galveston Island, Texas consists of thin beds of silt 
and fine sand (Bernard et , 1962). Laminated or 
bioturbated sands generally predominate in the deepest
14
shoreface areas, while the upper shoreface deposits are 
usually crossbedded and contain abundant oscillation 
ripples (Reineck and Singh, 1975) . The sand of the upper 
shoreface is coarser, better sorted and contains less 
interbedded mud and silt than the lower shoreface (Bernard 
et al. , 1962). Clean quartz sand is typical in zones of 
water agitation above wave base (Heckel, 1972) and there­
fore characterizes the upper shoreface.
The quartz arenite lithofacies (’’rusty beds”) in 
the southern Madison and Gallatin Ranges contains this 
sequence of sedimentary structures. The entire sequence 
is exposed just downstream from Ousel Falls on the South 
Fork of the West Fork of the Gallatin River (Fig. 2 and 
6). Here, the basal quartz arenite lithofacies contains 
mature quartz arenite with well-developed oscillation 
ripples, characteristic of an upper shoreface environ­
ment (Fig. 7B). The oscillation ripples are consistently 
oriented in the same direction on each bedding surface. 
Burrows and laminations characterize the quartz arenite 
lithofacies above this (Fig. 7A), as in a lower shore­
face environment. The uppermost quartz arenite litho­
facies consists of interbedded gritstone, shale and 
poorly-sorted sandstone and represents the transitional 
offshore-lower shoreface environment. So, up-section in 
this lithofacies, sedimentary structures and grain size 
changes reflect a transition from upper to lower shoreface
15
. Lcrvi 
Li+hora,c»es
L*HWoTa.cic.s
DlacK SWaVc 
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Figure 6. South Fork outcrop just downstream from Ousel
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Figure 7. Quartz Arenite Lithofacies ("Rusty beds").
A. Bioturbation in Quartz Arenite Lithofacies.
B. Oscillation ripple marks in Quartz Arenite Lithofacies
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environments implying deepening water. Other outcrops 
in the study area show parts of this sequence (Fig. 5).
The Kootenai Formation lies below the quartz arenite 
lithofacies. Host workers interpret the lower Kootenai 
Formation as deposited in a terrestrial alluvial plain 
environment (Eicher, 1962; MacKenzie and Ryan, 1962).
James (1977) interprets the informally-designated ’’gastro­
pod limestone" of the upper Kootenai Formation as estuar- 
ine and coastal lake environments in which gastropods and 
ostracods thrived. If the quartz arenite lithofacies 
("rusty beds") represents shoreface deposits, as I inter­
pret it, then this sequence from lower Kootenai to "gas­
tropod limestone" to "rusty beds" represents a change in 
the area from terrestrial to deepening marine environ­
ments. This change reflects the initial Cretaceous marine 
transgression.
At the Middle Fork and Upper South Fork outcrops (Fig. 
2) interbedded fine-grained muddy sandstone, siltstone, 
mudstone and argillaceous limestone lie between the "gas­
tropod limestone" and the quartz arenite lithofacies (Fig. 
5). Here, the transgressing sea removed the beach and 
foreshore deposits so the shoreface environment was pre­
served unconformably overlying the sediment of calcareous 
estuaries and muddy coastal plain environments (upper 
Kootenai). The fine-grained sand was probably marine- 
derived. The southern part of the area apparently bad
18
less estuarine development (e.g., Tumbledown Ridge, Fig. 
5). Here, the quartz arenite lithofacies lies on coastal 
plain mud of the upper Kootenai Formation (Fig. 8).
Black Shale Lithofacies Description
Black shale, 10 to 90 m thick lies above the quartz 
arenite lithofacies throughout the area. In some places 
the quartz arenite lithofacies grades upward into this 
black shale with laterally persistent interbeds of sand­
stone, siltstone and shale (Ousel Falls, Fig. 2). At 
others such as Upper South Fork and Middle Fork (Fig 2), 
the contact between the quartz arenite and shale is sharp 
The shale is typically fissile, calcareous, dark and 
nonresistent with abundant small flecks of organic mater­
ial. In some exposures such as the South Fork outcrop, 
thin siltstone layers interbed with the black shale 
throughout the section. At other exposures such as the 
Tumbledown Ridge outcrop, the lithofacies consists en­
tirely of black shale. Glauconite is common locally at 
the South Fork outcrop. A siltstone layer about 1 m 
thick exists in the middle of the lithofacies at several 
exposures (Beaver Creek Ridge, Porcupine Ridge, South 
Fork) and contains plant stem pieces on bedding planes. 
Trace fossils parallel to bedding characterize the shale 
at some locations such as South Fork, but are rare at 
others such as Tumbledown Ridge.
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Figure 8. Generalized environments of deposition for lithologies of
the upper Kootenai and lower Thermopolis Formations (aerial view) VO
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I prepared and examined Thermopolis shales from South 
Fork and Tumbledown Ridge outcrops for calcareous and sili­
ceous microfossils, but none was present. Eicher (1962) 
also found no microfossils in 70 samples of Lower Thermopo- 
lis in the Big Horn Basin. In the upper Thermopolis, 
however, he found a good foraminiferal assemblage and 
occasional Inoceramus pelecypods. 1 prepared samples from
the South Fork Thermopolis shale for palynomorphs. This 
revealed a well-preserved pollen and spore assemblage which 
I describe in the paleobotany section (p.98).
Black Shale Lithofacies Environmental Interpretation: 
Offshore and Prodelta
The black shale lithofacies was deposited in quiet 
water under reducing conditions. Possible environments 
for such a thick, laterally continuous shale in a marine 
setting include coastal marsh, lagoon, prodelta and off­
shore. I interpret much of the black shale lithofacies 
as offshore marine rather than coastal marsh because of 
the local abundance of glauconite, which apparently only 
occurs in marine environments (Heckel, 1972). This off­
shore mud was deposited over the shoreface quartz arenite 
lithofacies as the sea transgressed. I do not interpret 
any of the black shale lithofacies as lagoonal since the 
area lacks barrier island or bar facies associated with 
lagoons.
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Prodèlta deposits consist of the suspended load of 
rivers which by-pass the delta front and are deposited 
below wave base (Coleman, 1976). They are difficult to 
distinguish from offshore deposits (Reineck- and Singh,
1975). Prodelta deposits usually contain laminated clayey 
silt alternating with silty clay (Allen, 1970; Oomkens,
1970; Gould, 1970; Greensmith, 1966), and typically become 
coarser-grained and thicker-bedded upward (Fisk et a ^ .  ,
1954; Hubert e£ , 1972). Trace fossils perpendicular 
to bedding are rare, but trace fossils parallel to bed­
ding are often abundant (VanStraaten, 1959), especially 
where low sedimentation rates predominate (Balsley and 
Horn, 1980). Plant hash occurs locally (Dickinson, 1975).
The upper part of the black shale lithofacies has these 
characteristics. I interpret the sediment above the 
black shale lithofacies as a prograding deltaic sequence.
It therefoere follows that the upper black shale litho­
facies is probably prodelta, in spite of the similarity 
between prodelta and offshore deposits.
The relative abundance of kaolinite vs. illite and 
montmorillonite in shales can help distinguish marine 
prodelta from offshore deposits (Hyne e^ a^. , 1979).
Kaolinite flocculates more readily with a slight increase 
in salinity than illite or montmorillonite (Mead, 1972; 
Whitehouse ^  al., 1959), thus the proportion of kaolin­
ite in prograding prodelta shales should increase upward in 
the section (Hyne et al., 1979). This trend predominates
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in bodies of water which are shallow enough to prevent 
delta landslides, have little sediment reworking by 
waves, tides and longshore currents and have relatively 
low salinities. High salinities and tidal ranges would 
cause saline water to migrate upstream at times, causing 
fluvial flocculation of kaolinite which could later be 
flushed out and deposited offshore, upsetting the kaol­
inite trend described above (Hyne £t a^., 1979).
The depositional environment was suitable in the 
study area to create a relative kaolinite increase from 
offshore to upper prodelta. Grotzinger (personal commu- 
niation, 1980) identified clays in several black shales 
from the South Fork outcrop by X-ray diffraction. He 
found a significantly higher proportion of kaolinite in 
what I interpret as upper prodelta (45%) than in what I 
interpret as offshore (10%), supporting my interpretation.
MUDDY FORMATION
The Muddy Sandstone in the southern Madison and 
Gallatin Ranges is litharenite to feldspathic litharenite. 
In general, about 60% quartz, 35% rock fragments and 5% 
feldspar (orthoclase and plagioclase) make up the clastic 
grains, most of which are subangular to subround. Chert, 
quartzite and basic volcanics comprise the rock fragments 
(Rose, 1967) with minor authigenic pyrite, limonite and 
glauconite present locally (Rose, 1967). Sparry calcite.
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alteration clay minerals, chlorite and nontronite cement 
the Muddy Sandstone (Ray, 1967).
Lens Lithofacies Description
The black shale lithofacies at all outcrops grades 
upward to a 3 to 7 m thick zone of lenses. In the lower 
part of the lithofacies long, thin siltstone lenses inter­
bed with shale. Farther up, they become long, thicker 
lenses of fine-grained, well-cemented sandstone in silt­
stone. The lenses often pinch and swell and commonly 
contain trace fossil molds parallel to bedding. In places 
the lenses are thick, short, and their bottom surfaces 
contain Diploeraterion U-shaped burrows (e.g., Yellow 
Mule outcrop). Pillow structures, isolated globular 
sandstone bodies in shale, occur in this lithofacies up 
to 2.5 X  1 m (Yellow Mule, Beaver Creek, South Fork,
West Fork; Fig. 9B and lOA; Plate 1, 2 and 3). At the 
South Fork and Yellow Mule outcrops long axes of the 
pillow structures are consistently oriented in the same 
direction. Small clastic dikes occur locally between 
the thicker sandstone lenses (Fig. lOB). Many of the 
sandstone lenses have current ripples on top and contain 
load structures on the bottom. Some apparent oscillation 
ripples also exist on the upper surfaces.
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Figure 9. Lens Lithofacies.
A. Middle Fork outcrop. Approximately 2 m shown on right 
side.
B. Pillow structures and soft sediment deformation, Yellow 
Mule outcrop. Approximately 1 m shown.
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Figure 10.
Lens Lithofacies
A. Pillow structures, 
Beaver Creek outcrop, 
decimeter scale.
B. Clastic dike. 
Yellow Mule outcrop.
C. Contorted bedding, 
Beaver Creek outcrop.
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T.ens Lithofacies Environmental Interpretation :
Distal Delta Front
The prodelta-delta front transition of the Missis­
sippi River delta contains alternating silt, silty clay 
and fine-grained upward-thickening sand lenses (Fisk,
1955; Fisk e^ al•, 1954; Moore, 1959) with current rip­
ples and occasional wave ripples present locally (Coleman 
and Gagliano, 1964). Connolly and Ferm (1971) describe 
sandstone lenses in shale and siltstone of the distal 
delta front of the Permo-Triassic deltas in the Sydney 
Basin, Australia. Similarly, Moore (1959, 1960) describes 
the distal delta front of the Carboniferous Yoredale 
Series in England and Scotland as discontinuous sandstone 
lenses in siltstone which increase upward, coupled with 
a decrease in siltstonei The lens lithofacies of the 
lower Muddy Sandstone in the southern Madison and Gallatin 
Ranges fits these descriptions well and likewise repre­
sents the distal delta front environment.
The lens lithofacies in the southern Madison and 
Gallatin Ranges apparently reflects shifting, waning cur­
rents. Molds of trace fossils on the lens bottoms indi­
cate that organisms had a chance to disrupt the mud or 
silt surface before the influx of coarser sediment, 
implying sporadic sedimentation at any particular location. 
This probably reflects hydraulically quiet times with 
slow deposition interspersed with storm events (Balsley
27
and Horn, 1980). The lower part of the lenses is often 
made up of laminations subparallel to the lens shape, 
and the upper part of the lenses is often ripple-laminated 
with ripple marks on the surfaces. These sequences of 
sedimentary structures may reflect lowering flow regime 
as the current waned, which in turn was followed by 
deposition of suspended material. Reworking by waves 
probably accounts for symmetrical ripple marks. Several 
examples of planed-off ripples on lens surfaces indicate 
that, at least in some places, the water was quite shallow.
Most of the Diplocraterion U-shaped burrows are 
nested (retrusive) and truncated at the surface of the 
lenses. This indicates that the filter-feeding organisms 
kept pace with sediment accumulation as they moved upward 
to stay near the surface. The truncation indicates that 
some sediment at the top of the lenses was removed by 
erosion prior to deposition of the overlying mud (Goldring, 
1964). Other Diplocraterion burrows show no signs of 
change in the organisms' positions so no additional 
sediment was deposited after the initial burrowing 
(Goldring, 1964).
The presence of pillow structures, load structures 
and small clastic dikes indicates that the lens sedi­
ment prograded over less dense, water-saturated prodelta 
mud and silt (Brown, 1969) . Hubert et al̂ . (1972) describe 
oriented pillow structures just above the prodelta slope
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in the Cody-Parkman Delta. They propose the following 
origin for these structures:
Deltaic mud flocculates relatively rapidly causing 
unstable loose packing with trapped pore water (Dott,
1963). Pillow horizons in the Cody-Parkman Delta formed 
by gravitational sliding of a fine-grained sand layer over 
this water-saturated mud (Hubert ejt al. , 1972) . The 
sand glided over a slight slope (1°) as a result of the 
buoying effect of the pore fluid in the mud which reduced 
shear resistance (Hubert e^ al̂ . , 1972; Terzaghi, 1956).
As the sand layer slid over the mud, it plastically 
deformed into pillows. The deformation occurred because 
of the tendency toward metastable, less cohesive packing 
of fine-grained sand (Dott, 1963). The water-saturated 
mud oozed up between the pillows as they developed 
(Hubert et al., 1972) .
The pillows of the Cody-Parkman Delta are consistently 
aligned with their strike parallel to the contours of the 
delta surface. The laminations of the pillows are sub­
parallel to their oval exterior. Some pillow horizons 
extend for up to 0.5 miles (0.8 km) (Hubert ^  aT. , 1972). 
Pillow structures of this type also occur in the distal 
delta front environment of Cretaceous deltas in the Book 
Cliffs of Utah (Balsley and Horn, 1980).
The pillow structures of the lens lithofacies of the 
Gallatin Delta may have a similar origin. Like those of
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the Cody-Parkman Delta, they are consistently aligned in 
some areas (25°N65E at Yellow Mule outcrop). They con­
tain laminations subparallel to the pillow exterior and 
occur in definite horizons throughout the area.
Delta front sheet sands develop in shoal water deltas 
where distributaries shift frequently or are numerous 
(Ferm, 1970; Potter, 1963). The lens lithofacies of the 
Gallatin Delta represents the distal deposits seaward of 
a delta front of this type where bottom currents occur 
only during storms (Balsley and Horne, 1980).
Crossbedded Sandstone Lithofacies Description
The Beaver Creek, South Fork, Sunken Forest, West 
Fork and Porcupine Ridge outcrops contain distinctive, 
fairly tabular sandstones in the lower part of the Muddy 
Formation separated by lithologies of the lens lithofacies 
The sandstones are well-cemented and fine-grained with 
planar laminations or broad, low-angle trough crossbeds 
(Fig. 11). These sandstones generally thicken upward 
(from 0.05 to 10 m at Sunken Forest). The thinner sand­
stones frequently have rippled surfaces with both symmet­
rical and asymmetrical ripple marks, including lingoid, 
lunate and cuspate types (Fig. IIB and 12). The bottom 
surfaces often contain trace fossil molds parallel to 
bedding (Fig. 13), and the surfaces of the sandstones 
often contain castings and trails including arthropod
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Figure 11. Crossbedded Sandstone Lithofacies:
Trough Crossbedding.
A. Trough crossbedding in delta front sheet sandstone, Beaver 
Creek outcrop. Decimeter scale.
B. Trough crossbedded delta front sheet sandstone, Sunken 
Forest outcrop. Centimeter scale. Note typical rippled 
surface.
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Figure 12. Crossbedded Sandstone Lithofacies: Rippled sur-
faces of thin, distal delta front sheet sandstones
A. Delta front sheet sandstone surface with current ripples. 
Dime for scale.
B. Delta front sheet sandstone surface with oscillation 
ripples. Centimeter scale.
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Figure 13. Crossbedded Sandstone Lithofacies: Bioturbation.
A. Rippled surface of delta front sheet sandstone with inver­
tebrate trails. Centimeter scale.
B. Bottom of delta front sheet sandstone showing molds of 
trace fossils from surface of shale below.
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tracks (Fi%. 13).• Other trace fossils In these sandstones 
include, Zoophycus and Dip^locraterion
These sandstones first appear interbedded within the 
upper lens lithofacies and become thicker and more closely- 
spaced upward (Fig. 14). At Beaver Creek, South Fork and 
Sunken Forest outcrops, this interbedding culminates upward 
with a relatively thick, fine-grained, trough crossbedded 
sandstone. Large channels cut into all of the upper part of 
this thick sandstone at South Fork, Sunken Forest and Porcu­
pine Ridge outcrops and part of it at the Beaver Creek out­
crop. Contorted bedding occurs in some places beneath 
these channels. Small channels, often abandoned, cut the 
surface of the thinner sandstone beds in many places (Fig. 17) 
The thick (10m) upper sandstone of this lithofacies at 
Sunken Forest outcrop contains several pelecypod zones of 
limited lateral extent. In addition, there are zones of 
oxidized plant debris impressions. I collected several 
well-preserved impressions of whole angiosperm leaves from 
the upper sandstone at Sunken Forest which are discussed 
in the paleobotany section (p. 98).
Rippled Sandstone Lithofacies Description
Rippled to alternating planar-laminated and rippled 
sandstone is associated with the crossbedded sandstone 
lithofacies at the Beaver Creek, Beaver Creek Ridge, Yellow 
Mule and South Fork outcrops. A variety of low-amplitude
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Figure 14.
Crossbedded Sandstone 
Lithofacies; Thin delta 
front sheet sandstones 
grading upward to thick, 
massive delta front 
sheet sandstones.
A. Beaver Creek outcrop. 
Approximately 7 m shown.
B. Sunken Forest outcrop. 
Approximately 15 m shown. 
Note channel shape of one 
of the sheet sandstones 
in lower third of photo.
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ripple types: interference, lingoid, lunate and cuspate,
characterize this fine-grained sandstone (Fig. 15).
Thick beds of climbing ripples exist at Beaver Creek,
Beaver Creek Ridge, and Yellow Mule outcrops. The 
climbing ripples grade into planar laminations laterally 
and vertically in some sections (Beaver Creek, for example ; 
Fig. 16B; Plate 1). Laminations or thin beds of shale 
or siltstone interbed with the rippled sandstone locally. 
Parting lineation occurs on the surfaces of the planar- 
laminated sandstones and occasional zones of runzel marks 
are associated with the rippled sandstone at Beaver Creek 
and Beaver Creek Ridge outcrops (Fig. 16A). At the Yellow 
Mule and Beaver Creek Ridge outcrops the ripples are 
occasionally contained within large trough crossbeds 
(Plate 4).
Crossbedded Sandstone and Rippled Sandstone Lithofacies 
Environmental Interpretation: Delta Front Sheet Sand
Deltas with numerous distributaries or distributaries 
which shift frequently, produce delta front sheet sands 
from the cross-cutting and merging of distributary mouth 
bars (Ferm, 1970; Kanes, 1970; Laury, 1968). Delta front 
sheet sands characterize shoal water deltas (Donaldson, 
1974; Potter, 1963). They generally have an arcuate shape 
(Kanes, 1970; Rainwater, 1968) and lack the mudlumps,
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Figure 15. Rippled Sandstone Lithofacies: 
Interference Ripples.
A. Rippled bedding surface, Yellow Mule outcrop
B. Three rippled bedding surfaces, South Fork 
outcrop. Scale is 1.5m long.
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Figure 16. Rippled Sandstone Lithofacies.
A. Runzel marks in Rippled Sandstone Lithofacies, 
Beaver Creek outcrop. Centimeter scale.
B. Cross-sectional view of climbing ripples, 
Beaver Creek outcrop. Scale is 35 cm.
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chaotic slumps and turbidite beds typical of distributary 
mouth bars and prodeltas of deeper water deltas (Donaldson 
et al., 1970).
Moore (1960) describes the delta front sheet sand of 
the Carboniferous Yoredale Series of Yorkshire, England 
as containing two distinct lithofacies. One consists of 
rippled and laminated sandstone and coarse siltstone which 
weathers flaggy. The other is massive and composed of 
trough crossbeds. The part of the Gallatin Delta which I 
interpret as the delta front sheet sand also consists of 
these two lithofacies (the crossbedded sandstone litho­
facies and the rippled sandstone lithofacies). The lower 
contact in the Yoredale Series sheet sand grades from 
sandstone lenses in siltstone (like the lens lithofacies 
of the Gallatin Delta), to the rippled and laminated unit 
(like the rippled sandstone lithofacies) to the trough 
crossbedded unit (like the crossbedded sandstone litho­
facies) . The upper contact is abrupt and, as in the Gal­
latin Delta, often cut by channels up to 3 m deep. Lat­
erally, the massive sandstone thins, becoming the flaggy 
rippled sandstone, and farther away it passes into silt­
stone. Moore (1960) interprets the massive trough-cross­
bedded sandstone as deposited closer to the source and 
the rippled sandstone as closer to the delta flanks. At 
the Yellow Mule and Beaver Creek Ridge outcrops, only the 
rippled sandstone lithofacies occurs, often with abundant
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siltstone lamintations (Plate 3 and 4). These locations 
may be closer to the delta flanks than the distributary 
source. On the other hand, outcrops like Sunken Forest 
and Beaver Creek, with relatively thick, massive, fine­
grained, trough-crossbedded sandstone (Plate 1) were 
probably deposited closer to the distributary source. 
Supporting this is the fact that at these two outcrops 
large channels (distributaries) lie directly above the 
delta front sheet sandstone.
The three main types of sedimentary structures found 
in the delta front sheet sands of the Yoredale Series and 
the Gallatin Delta (trough crossbeds, ripples and lamina­
tions) are described for delta front sheet sands of other 
deltas, both modern and ancient. Delta front sheet sands 
of the Late Quaternary Niger Delta, West Africa, contain 
even laminations and rippled sands (Allen, 1970). Those 
of the Guadalupe Delta, Texas, contain trough crossbedded 
sand and sand composed of climbing ripples (Donaldson 
et al. , 1970). Planar laminations, ripples and trough 
crossbeds occur in delta front sheet sandstone of the 
Cretaceous Wealdon Delta of England (Taylor, 1963) and in 
the Mississippian Calciferous Series Delta of Scotland 
(Greensmith, 1965) . What these workers interpret as 
delta front sheet sands of ancient deltas more closely 
agrees with characteristics of the delta front sheet sands 
of the Gallatin Valley Delta than those of modern deltas.
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This may result from the paucity of good modern analogs 
to deltas emptying into ancient epeiric seas.
Brown (1969) describes sheet sandstones of the Permian 
and Pennsylvanian deltas of Texas as 0.5 to 2.5 m thick with 
parallel laminations throughout and rippled surfaces. Many 
of the thinner (more distal) sheet sandstones of the Gallatin 
Delta fit this description. Mackenzie (1965) interprets 
delta front sheet sands in the Cretaceous Horsetooth Forma­
tion of Colorado, but considers it a problem that they are 
not cut by channels. In the Gallatin Delta, however, aban­
doned channels cut thinner delta front sheet sandstones and 
large channels cut thick delta front sheet sandstones as 
expected (Fig. 17; Plate 1 and 3). Typically, delta front 
sheet sands are composed of fine-grained sand or silt 
(Allen, 1965; Donaldson et , 1970; Gould, 1970; Laury,
1968; Murphy and Schlanger, 1962) as is the case with the 
Gallatin Delta sheet sands.
Delta front sheet sandstones of the Gallatin Delta 
are up to 10 m thick at Sunken Forest outcrop. Murphy and 
Schlanger (1962) describe delta front sheet sands 15 m 
thick in the Cretaceous Ilnas and Sao Sebastio deltas 
of Brazil. Presumably, they do not consider these too 
thick to develop as part of a shoal water delta.
Near the seaward limit of distributary channels, 
the carrying capacity of the distributary drops as its cur­
rent velocity decreases. This results in an exceptionally
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high rate of sedimentation which produces distributary 
mouth bars or delta front sheet sands (Reineck and Singh, 
1975). The preservation of whole angiosperm leaves in 
delta front sheet sandstone at the Sunken Forest outcrop 
reflects the rapid sedimentation rates. The energy re­
quired to transport sand would normally abraid leaves. 
Rapid burial, however, accounts for the preservation of 
their delicate features (Brown and Gow, 1976).
Sedimentary structures of the thinner, more distal 
sheet sandstones of the Gallatin Delta reflect the drop 
in current velocity and associated change in flow regime 
in the delta front environment. The thinner sands were 
probably deposited seaward of the main delta front sheet 
sand during storms. They generally have flat bases with 
planar laminations which show parting lineation. These 
grade upward into low-angle troughs or hummocky bedding 
and asymmetrical ripples on the surface. This may re­
flect waning currents and change from upper to lower flow 
regime. Hummocky bedding indicates that storm surges 
produced these changes (Harms e^ a l .  , 1975) . Hummocky 
bedding also occurs in the Cretaceous distal delta front 
environments of the Book Cliffs (Balsley and Horn, 1980). 
The thinnest of the sheet sandstones grades from planar 
laminations directly into current ripple cross laminations 
and usually consists of very fine-grained sediment. The 
lack of larger crossbedding in these sheet sandstones
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probably reflects the small grain size. Crossbeds larger 
than ripple cross laminations will not develop if the 
grain size is less than about 0.7 mm (Simons et al., 1965).
Fluvial currents and ocean waves and currents also 
interact in the delta front environment to rework some 
sediment (Reineck and Singh, 1975). Some of the thinner 
sheet sandstone surfaces of the Gallatin Delta have sym­
metrical oscillation ripples or complex interference 
patterns (Fig. 12) indicating that the distal part of the 
delta was at least above wave base during storms.
The abundance of climbing ripples in the delta front 
of the Gallatin Delta (Fig. 16B) reflects the high sedi­
mentation rates of this environment. Climbing ripples 
will only develop if sand is contributed from suspension 
as well as bedload (McKee, 1965). Most marginal marine 
environments do not produce climbing ripples. For example, 
although ripples on a tidal flat or beach surface resemble 
those on the bedding surfaces of the rippled sandstone litho- 
facies, tidal flats and beaches rarely produce climbing 
ripples since addition of new sand cannot keep up with re­
working (McKee, 1965). Distributary crevasse splays and 
delta front environments, however, are two marginal marine 
areas with high sedimentation rates. These environments, 
therefore, can produce climbing ripples.
Waves and currents create climbing ripples in areas 
of high sediment influx, and shoaling occurs as the sediment
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builds up. This results in a change from lower to upper 
flow regime (McKee, 1965). Rippled sandstone grades up­
ward to planar laminated sandstone with parting lineations 
at the Beaver Creek outcrop. A change to upper flow 
regime due to shoaling may have caused this change. Runzel 
marks associated with the planar laminations at several 
outcrops indicate shallow water (Reineck and Singh, 1970) 
(Fig. 16A).
The river delta in Lake Mead, Arizona has thick 
accumulations of ripple-laminated sand separated by mud 
layers, developed from crevassing during floods. The 
mud is the last sediment deposited during each flood 
period (McKee, 1965). The silt and mud layers in the 
rippled sandstone lithofacies of the Gallatin Delta may 
have a similar origin since depositional loci were con­
tinually shifting.
Where the rippled sandstone and the crossbedded 
sandstone lithofacies occur together (Beaver Creek,Sunken 
Forest outcrops), both probably developed as a delta 
front sheet sand. However, at outcrops such as Yellow 
Mule and Beaver Creek Ridge, the rippled sandstone litho- 
faceis occurs without the crossbedded sandstone litho­
facies. At these outcrops some of the rippled sandstone 
lithofacies may have developed from distributary crevas­
sing or may be the flanks of the delta front sheet sands.
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These outcrops probably represent environments more 
distal to main distributaries while Beaver Creek and 
Sunken Forest outcrops were more in line with main dis­
tributaries (Fig. 23).
At the Beaver Creek Ridge outcrop the original 
slope of a delta front flank is preserved (Plate 4).
One large area of the rippled sandstone lithofacies 
slopes downward laterally and pinches out. In the dir­
ection of thinning it becomes finer-grained as on the 
flanks of the delta front sheet sands of the Yoredale 
Series (Moore, 1960). An interdistributary bay adja­
cent to this delta flank contains alternating rippled 
sand and mud layers (Plate 4). Interdistributary bays 
of the Mississippi River Delta fill through crevassing 
(Coleman and Gagliano, 1964; Russell and Russell, 1939) 
which may also have deposited the rippled lithofacies 
in the interdistributary bay at the Beaver Creek Ridge 
outcrop.
Distributary crevasse splay deposits have charac­
teristics similar to those of delta front sheet sands 
(Coleman and Gagliano, 1965; Fisk et , 1954; Wanless 
et al., 1970). Where paleocurrents of the rippled 
sandstone lithofacies are at large angles to those of 
distributaries or where the lithofacies fills apparent 
bays, it may have developed from crevassing rather than 
as a delta front sheet sand. However, since multiple
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crevassing of distributary channels often eventually forms 
delta front sheet sands (Moore, I960; Russell and Russell, 
1939), both really develop as part of the same process and 
are therefore difficult to distinguish.
Both clams and oysters occur in local zones of the 
massive, crossbedded delta front sheet sandstone at the 
Sunken Forest outcrop, but they have little bearing on 
environmental interpretations. Delta front sheet sands 
may contain organisms from several environments including 
freshwater fluvial, marine and reworked brackish 
(VanStraaten, 1961).
Channel Lithofacies Description
At the Beaver Creek, South Fork, Meadow Creek, and 
Porcupine Ridge outcrops channels cut into the upper 
delta front sheet sands (Fig. 17A). Thick zones of clay 
rip-up clasts, load structures and impressions of plants 
characterize the irregular channel bases (Fig. 18). The 
plants range in size from small pieces to whole tree 
trunks at the Beaver Creek outcrop and usually consist 
of oxidized impressions or occasional coal chunks.
Fining-upward granule conglomerate to coarse- or 
medium-grained sandstone fills the channels. Trough 
crossbedding predominates with steeper angles than those 
of the delta front sheet sands below. High angle tabular- 
planar crossbedding also exists at some outcrops such as
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Figure 17. Channel Lithofacies: Channel Types.
A. Large distributary channel cutting into delta front sheet 
sandstones, Beaver Creek outcrop. 15 m shown.
B. Small abandoned channel cutting thin, distal delta front 
sheet sandstone, South Fork outcrop. 1.3 m of scale shown 
Note Lens Lithofacies below and crossbedding directions 
indicated on delta front sheet sandstone.
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Figure 18. Channel Lithofacies: Channel Base,
A. Thick zone of rip-up clasts (upper 0.5 m of Jacob Staff) 
where distributary channel cuts into delta front sheet 
sandstone, Beaver Creek outcrop. Scale is 1.5 m.
B. Loading at the base of a. distributary channel exposed 
where underlying shale has eroded out from under it, 
Beaver Creek outcrop. Centimeter scale.
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South Fork and Porcupine Ridge. At the Meadow Creek and 
Beaver Greek outcrops, several sandstone sequences grade 
from medium-grained trough crossbeds to mega-ripple 
crossbeds to fine-grained ripple and planar laminations 
(Fig. 19). At Meadow Creek, black shale caps some of 
these fining-upward sequences.
Channels are up to 144 m wide by 16 m high. Low in 
the sequence smaller channels are laterally isolated from 
one another, while higher in the sequence large channels 
cut into each other, forming a blanket sandbody of channels 
cutting other channels.
Channel Lithofacies Environmental Interpretation: 
Distributaries
Both modern and ancient delta distributaries have 
consistent characteristics. Typically, the distributary 
channel bases show evidence of scour, loading, rip-up 
clay clasts, impressions of plant stems, leaves and logs 
and coal chunks (Niger Delta, Allen, 1962; Pennsylvanian 
and Permian deltas of Texas, Brown, 1969; Eocene deltas 
of Oregon, Dott, 1966; Mississippi River Delta, Gould, 1970; 
Colorado River Delta, Kanes, 1970; Yoredale Series deltas, 
Moore, I960; Late Paleozoic deltas of the U.S., Wanless 
et al., 1970). Grain size is usually coarse sand to fine 
conglomerate (Niger Delta, Allen, 1962; Pennsylvanian and 
Permian deltas of Texas, Brown, 1969; Eocene deltas of
Ri p p lcs
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Figure 19.
Channel Lithofacies: 
Sedimentary Structures.
A. Sequence of sedimen­
tary structures in a dis­
tributary channel, Beaver 
Creek outcrop:
climbing ripples 
trough crossbedding 
rip-up clast zone 
erosional base
B. Close-up of trough 
crossbed-climbing ripple 
transition zone in A. 
Scale is 35 cm.
B
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Oregon, Dott, 1966; Carboniferous Yoredale Series deltas, 
Moore, 1960). Sedimentary structures usually consist of 
extensive crossbedding with some current ripples (Reineck 
and Singh, 1975; Pennsylvanian and Permian deltas of 
Texas, Brown, 1969; Pennsylvanian deltas of Iowa and 
Illinois, Laury, 1968) with occasional tabular crossbeds 
produced by sand waves (Harms e^ , 1975) such as trans­
verse bars. All of these features characterize the chan­
nel lithofacies of the Gallatin Delta. Pennsylvanian 
and Permian delta distributaries of Texas show a super­
posed channel pattern and little evidence of associated 
levee and overbank deposits (Brown, 1969). Similarly, 
distributary channels of the Gallatin Delta are also 
superposed, with little evidence of overbank deposits.
I did not find any point bar crossbeds (epsilon 
crossbeds of Allen, 1962) within the channels. This may 
result from the straight nature of distributaries near 
their mouths. According to Moore (1966), point bars are 
infrequent and make an insignificant contribution to 
channel fill where distributaries are straight. Floods 
sweep out deposits while the channel is active and chan­
nel sediment deposited as floods recede becomes preserved 
(Moore, 1966). Channel deposits may build vertically 
this way, with erosion surfaces separating deposits.
This vertical channel accretion occurred at the 
Meadow Creek outcrop where distinct alluvial sequences
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fining upward from trough crossbeds, to megaripples,, to 
ripples and laminations, to shale, are separated by scour 
surfaces and continue upward in the same channel shape 
(Plate 5). This also occurs at the Beaver Creek outcrop, 
but there the deposits are usually trough crossbedded 
throughout (Plate 1).
According to VanStraaten (1961), delta distributary 
channels which develop over very fine sand, silt and mud 
of the delta plain and delta front are straight rather 
than meandering. In the Mississippi Delta, for example, 
distributary channels develop a straight pattern with 
very little lateral migration in most places because they 
cut through fine material. They meander, however, where 
they cut through the coarser sediment of old, buried 
beach ridges (VanStraatën, 1961).
Alluvial sequences cutting delta front sheet sands, 
such as those described above, probably form as deposits 
of delta distributaries. Some outcrops of the Gallatin 
Delta, however, contain similar alluvial sequences but 
lack deltaic facies (Tumbledown Ridge, Lincoln Mt., 
Shedhorn Mt.). At these outcrops, the channel litho­
facies lies directly over the black shale lithofacies.
It is difficult to distinguish between distributary and 
fluvial channels of ancient delta plains (Brown, 1969). 
However, toward the west (Tumbledown Ridge, Shedhorn 
Mountain), the thickness of shales separating alluvial
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sequences increases and the number of vertical alluvial 
sequences decreases. Therefore, the channels are probably 
farther apart vertically and laterally at any particular 
location in this area. This, along with the lack of 
deltaic facies, indicates that channels are fluvial 
rather than distributary to the west. If sea level drops 
rapidly as was probably the case at this time, rivers 
become degrading agents, reworking previously deposited 
deltaic sediment (Morgan, 1970). This explains why the 
fluvial deposits on the western side of the area overlie 
offshore deposits of the black shale lithofacies.
White Sandstone Lithofacies Description
In the northern part of the area, the uppermost 
Muddy Sandstone consists of about 3 meters of light- 
colored, trough-crossbedded sandstone with occasional 
channels. Sandbody thickness is fairly uniform and is 
apparently continuous throughout the area. The base of 
the sandstone contains abundant clay rip-up clasts up 
to 15 cm long (Fig. 20).
The sandstone ranges from fine- to coarse-grained. 
Trough crossbedding characterizes most of the sandstone 
with megaripples and ripples present locally in finer 
sands of the Middle Fork and Beaver Creek Ridge outcrops. 
Beds 10 to 20 cm thick made up of foreset laminae are 
common, especially at the Beaver Creek Ridge and Middle
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Figure 20. White Sandstone Lithofacies: Rip-up clasts.
A. Black rip-up clasts at base of IVhite Sandstone Lithofacies, 
Yellow Mule outcrop. Decimeter scale.
B. White volcaniclastic-rich rip-up clasts above A, Yellow 
Mule outcrop, 14,5 cm pen for scale.
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Fork outcrops. This lithofacies is typically lighter- 
colored than the Muddy Sandstone below, with few dark lithic 
clasts. The rip-up clasts often become lighter upward in 
the lithofacies (Fig. 20). Lithologically, this lithofacies 
differs somewhat from the Muddy Sandstone below in that 
it contains more feldspar, mica and volcanic fragments. In 
many places it has a significant amount of white clay 
matrix, and is unconsolidated and crumbly.
MOWRY FORMATION
Volcaniclastic Lithofacies Description
In the southern part of the area, a volcaniclastic 
lithofacies lies conformably on the Muddy Sandstone (Fig.
21) . The volcaniclastic lithofacies and the white sandstone 
lithofacies are mutually exclusive. That is, the volcani­
clastic lithofacies occurs only in the southern part of 
the area, and the white sandstone lithofacies occurs only 
in the northern part.
Hall (1961) informally named this volcaniclastic 
lithofacies the "Albino formation" and designated a tenta­
tive type section on the southeast side of Lincoln Mountain. 
Wilson (1970) referred to this lithofacies as the "Albino 
member" of the Mowry Formation. This nomenclature has not 
been formalized, but I consider the volcaniclastic litho­
facies a member of the Mowry Formation since it occurs in 
a limited area yet is quite distinctive.
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Figure 21. Volcaniclastic Lithofacies.
A. Sunken Forest outcrop. Lower exposure is Muddy Sandstone, 
upper is "Albino member" of Mowry Formation (Volcaniclastic 
Lithofacies).
B. Closer aerial view of Volcaniclastic Lithofacies.
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I did not study the volcaniclastic lithofacies in 
detail, but briefly examined it at Lincoln Mountain, 
Shedhorn Mountain, north of Beaver Creek and east of 
Albino Lake. The description which follows is based on 
measured sections and descriptions of Hall (1961) , Lauer 
(1967), Ray (1967) , Rose (1967), and Schwartz (1972) .
At the tentative type section on Lincoln Mountain, 
the volcaniclastic lithofacies ("Albino member") is 80 m 
thick (Hall, 1961). The lithofacies disappears on the 
east sides of Snowflake Mountain and Grouse Mountain 
(Lauer, 1967; Ray, 1967) and does not occur farther to 
the east in the Yellowstone Valley (Fraser e_t , 1969; 
Wilson, 1934).
The westernmost exposure of the lithofacies in the 
area is on Shedhorn Mountain. The next exposure of 
similar volcaniclastics to the west is in the Gravelly 
Range, where the lithofacies is in the same general strati­
graphie position, but is about 10 to 30 m thicker (Hadley,
1960). Similar thick, well-developed volcaniclastic 
lithologies occur farther west still, along the Ruby 
River (Schwartz, 1972).
In the southern Madison and Gallatin Ranges the 
volcaniclastic lithofacies consists of crystal, vitric and 
lithic tuff (including porcelanite) and bentonite inter­
bedded with mudstone, siltstone, sandy tuff and tuffaceous
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sandstone (Rose, 1967; Schwartz, 1972). The vari-colored 
beds include shades of gray, pink, green, brown and 
black. Devitrified volcanic glass and montmorillonite 
form the matrix for the detrital grains (Lauer, 1967) 
which consist of quartz, plagioclase, and basic volcanic 
rock fragments (Rose, 1967) .
A well-preserved floral assemblage, predominantly 
of ferns, occurs in several tuffs of the volcaniclastic 
lithofacies. Many of the ferns are preserved in growth 
position with rachises perpendicular to and fronds 
parallel to bedding. These are described and discussed 
in the paleobotany section (p.
White Sandstone and Volcaniclastic Lithofacies Interpretation 
Delta Plain Environments
Both the upper white sandstone and the volcaniclastic 
lithofacies contain abundant volcanic detritus and altera­
tion products. These mutually exclusive lithofacies 
represent the first large influx of volcaniclastic sedi­
ment. They probably developed simultaneously, but in 
different environments.
In the southern part of the area, the volcaniclastics 
were only slightly reworked. The plants preserved in 
growth position and paucity of nonvolcanic detrital grains 
confirm this. The abundance of terrestrial plants, the 
rare reworking of sediment and associated deltaic lithologies 
suggest a deltaic marsh depositional environment.
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By contrast, in the northern part of the area, the 
volcaniclastics occur with a high proportion of other 
detrital grains in a predominantly trough-crossbedded 
blanket sandbody which apparently covers the area. Braided 
stream deposits typically consist of trough-crossbedded, 
laterally-continuous sandbodies (Reineck and Singh, 1975) . 
The most common sedimentary structure of the modern Durance 
and Ardeche braided tributaries of the Rhone River is 
trough crossbedding, for example, with ripples rare 
(Doeglas, 1962). I interpret the white sandstone litho­
facies in the northern part of the area as braided stream 
deposits. Foreset laminae abundant in this lithofacies 
probably resulted from lateral and downstream migration 
of braid bars (Reineck and Singh, 1975) .
The extensive thick zone of clay rip-up clasts at 
the base of the white sandstone lithofacies indicates 
that a period of still conditions which allowed clay to 
settle out of suspension prevailed prior to the influx 
of braided stream sediment and formation of rip-up clasts. 
This influx must have been fairly turbulent in order to 
rip up so much mud in such large pieces. In addition, 
the white sandstone lithofacies is apparently associated 
with volcanism since it contains more volcanic fragments 
and alteration products than the Muddy Sandstone below.
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Figure 22. White Sandstone Lithofacies: Crossbedding.
A. Crossbedding in braided stream deposit which blankets the 
northern part of the study area, Yellow Mule outcrop. 
Decimeter scale.
B. Point bar (epsilon) crossbeds and filled channel of mean­
dering river, Beaver Creek Ridge outcrop. Scale is 1.5 m
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It appears that a close relationship exists between the 
volcanism and stream braiding.
The change from meandering to braiding may have come 
about in several ways. One possibility is that a loss of 
vegetation associated with volcanic activity and ashfall 
elsewhere may have increased surface runoff to the point 
that streams began to braid. Input of ash to rivers may 
have also led to braiding. The climate at this time was 
probably humid (Kauffman, 1975). Therefore, flash flooding 
associated with surface runoff and braiding would have 
been heavy, ripping up the delta plain mud and creating 
the thick basal zone of clay rip-up clasts. The source 
of the volcanism was apparently to the west since the 
volcaniclastic lithofacies thickens to the west.
Large isolated channels cut into the braided stream 
deposits locally (Beaver Creek Ridge, for example, Plate 
4). The deposits are generally trough crossbedded through­
out, and several have channel-sized accretionary crossbeds. 
At Beaver Creek Ridge outcrop, large channel-sized accre­
tionary crossbeds have similar small accretionary cross­
beds within, all of which are dipping toward the channel 
(Fig. 22, Plate 4). The larger accretionary crossbeds 
are probably point bar (epsilon) crossbeds (Allen, 1962). 
Smaller bars migrating over the point bar surface may have 
produced the smaller foreset crossbeds within the larger 
ones. Schwartz (1977) describes these features in cross-
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over channels of a *'transfluvial” section of the Red 
River of Texas and Oklahoma (the transition zone between 
meandering and braiding).
• Since these large channels in the study area do not 
form a continuous sandbody and have well-developed point 
bar deposits (Fig. 22B), they must have developed from a 
meandering rather than braided river system. The river 
may have reverted back to meandering as the volcanism 
diminished, producing such "transfluvial" features during 
the transition.
Mudstone Lithofacies Description
The 100 m thick mudstone lithofacies lies conform­
ably over the volcaniclastic and upper white sandstone 
lithofacies in the area. It is equivalent to the Mowry 
Shale exclusive of the volcaniclastic lithofacies 
("Albino member"). Most of the mudstone lithofacies 
consists of shale or mudstone including black fissile 
shale directly above the volcaniclastic lithofacies at 
Lincoln Mountain, vari-colored alternating shale, mud­
stone, siltstone, and fine sandstone at the Middle Fork 
outcrop and more resistant siliceous mudstone at the 
top of some sections such as Lincoln Mountain and Middle 
Fork. On Lincoln Mountain, the black fissile shale just 
above the volcaniclastic lithofacies has peat zones con­
taining lignite stringers and amber. The mudstone contains
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probable plant root mottling at the Middle Fork outcrop 
and bentonitic zones at the South Fork and Sunken Forest 
outcrops. At the Beaver Creek Ridge outcrop, this litho­
facies also occurs below the white sandstone lithofacies 
within the Muddy Formation where it is highly organic, 
fissile black shale with coal stringers up to 6 cm thick 
(Plate 4). Thirty meters of porcelanitic tuff occur at the 
top of the lithofacies on Lincoln Mountain.
Sandstones occur within the lithofacies, some of 
which are in channel shapes. The sandstone is fine- to 
medium-grained and often trough crossbedded with some 
planar beds, megaripples and ripples. At Lincoln Mountain 
it includes impressions of plant stem pieces at its base.
The sandstone consists mainly of quartz (50-55%), lithic 
fragments (15-20%) and plagioclase and biotite (10%)
(Rose, 1967) and closely resembles the white sandstone 
lithofacies of the Muddy Formation.
I found no macrofossils in the mudstone lithofacies.
I prepared samples from Lincoln Mountain, Sunken Forest 
and Beaver Creek Ridge outcrops for microfossil examination, 
but found no siliceous or calcareous microfossils. Palyno- 
morph preparation, however, revealed a well-preserved 
pollen and spore assemblage which is described in the paleo­
botany section (p.
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Mudstone Lithofacies Environmental Interpretation:
Delta Plain
The mudstone lithofacies was deposited in several 
delta plain environments including fluvial, marsh or 
swamp and natural levee. The organic fissile black 
shale containing coal and peat probably developed in 
deltaic marshes and swamps. Peat occurs in marsh and 
swamp areas of many modern deltas including the McKenzie, 
the Fraser, the Rhine, the Rhone, the Mississippi, the 
Ganges (Moore, 1966) and the Guadalupe (Donaldson e_t al, 
1970). Organic mud is common with faunal remains scarce 
(Coleman and Gagliano, 1965; Fisk e£ , 1954; VanStraaten, 
1961). Organic mud may accumulate in interdistributary 
bays in a deltaic environment, but peat will not develop 
there (Donaldson et aA., 1970) . Thus the presence of 
peat distinguishes deltaic marsh and swamp environments 
from interdistributary bays.
Many workers interpret ancient deposits of this type 
associated with a deltaic environment as deltaic marsh.
The deltaic marsh environment of the Carboniferous 
Yoredale Series consists of seatearth (peat), coal and 
shale (Moore, 1959). Coal is common in the deltaic 
marsh environments of the Mississippian Calciferous 
Sandstone Series of Scotland (Greensmith, 1965) and of 
the Pennsylvanian deltas in the central Appalachians 
(Donaldson, 1974). The coal of the mudstone lithofacies
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of the Gallatin Delta is discontinuous. According to 
Donaldson (1974) discontinuous coal lenses develop in 
progradihg, shifting deltas whereas continuous coal in 
a marginal marine setting probably indicates a trans- 
gressive swamp environment.
Permo-Triassic delta plain environments of the 
Sydney Basin, Australia include sandstone channels in 
shale and siltstone (Connolly and Ferm., 1971) . This 
association occurs at the Middle Fork outcrop and prob­
ably represents meandering river channel and natural 
levee deposits. Natural levee deposits of the Missis­
sippi River Delta consist of well-bedded, unfossilifer- 
ous alternating silt and clay (Fisk et , 1954; Gould,
1970). Probable root mottling occurs in the alternating 
siltstone and shale beds at the Middle Fork outcrop. In 
addition, these beds are vari-colored, including gray, 
blue-gray, red-brown and brown. Overbank deposits of the 
Pennsylvanian deltas of the central Appalachians (Wanless 
et al., 1970) and the Cretaceous Kootenai Formation of 
western Montana (James, 1977) also contain alternating 
red and gray clays. Red layers probably result from oxida­
tion of exposed mud following flood deposition. Deeper, 
unexposed mud is reduced and thus gray or blue. Successive 
flood deposition causes repetition of this pattern.
Bentonite and porcelanitic tuff zones in the mudstone 
lithofacies of the Gallatin Delta indicate that volcanic
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material was sporadically added to the area during depo­
sition of this lithofacies. Some of the isolated sandstones 
are trough crossbedded and laterally persistent. Others 
are in channel shapes and are associated with natural levee 
deposits. The streams apparently fluctuated between braided 
and meandering, probably influenced by fluctuations in the 
input of volcanic ash.
THE GALLATIN DELTA--CHARACTERISTICS AND HISTORY
Shoal-water deltas produce delta front sheet sands 
(Potter, 1963) and prograde over shallow sea deposits 
(Dickinson, 1975). Deep-water deltas, by contrast, pro­
grade over turbidite deposits (Dickinson, 1975; Donaldson, 
1974) and develop distributary mouth bars rather than 
sheet sands (Potter, 1963).
Delta front sheet sands are well-developed in the 
Gallatin Delta, and the delta deposits overlie offshore 
mud rather than turbidite deposits. Therefore, the delta 
probably developed in shallow water. Occasional oscilla­
tion ripple marks throughout the deltaic sequence are 
further evidence that the water was shallow enough that 
waves could do some reworking even in the distal delta 
front environment.
Deltas with delta front sheet sands have other dis­
tinct characteristics. They generally have a lobate
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rather than digitate shape (Kanes, 1970; Rainwater, 1966) 
and do pot compact underlying sediment very much (Fisk,
1961). In addition, delta front sheet sands do not de­
velop unless the basin water is denser (more saline) than 
the river water, and the tidal range is low (Moore, 1966; 
VanStraaten, 1961). The Gallatin Delta, therefore, was 
probably deposited in a shallow epeiric sea with low 
tidal range.
Sediment of constructive (progradational) deltas 
coarsens upward; sediment of destructive deltas fines 
upward (Dickinson, 1975; Fisk et al., 1954; Oomkens,
1967). The sediment of the Gallatin Delta distinctly 
coarsens upward, with little evidence of destructive 
delta features. Tide-dominated destructive deltas such 
as the Colorado River Delta of Mexico are reworked into 
tidal flats, with multiple tidal channels fringed with 
offshore tidal bars (Dickinson, 1975; Thompson, 1968).
I found no such tidal features in the Gallatin Delta. 
Wave-dominated destructive deltas, such as the Rhone 
Delta (Oomkens, 1970) have delta sediment reworked into 
beach-dune complexes including barrier islands and 
chenier ridges (Dickinson, 1975). I found only one 
beach-type deposit in the Gallatin Delta, a mature 
quartz arenite with low-angle laminations at the top of 
the Muddy Sandstone at the South Fork section. Marine 
features are rare in progradational delta deposits such
' 67
as those of the Gallatin Delta, because river deposition 
dominated over marine reworking (Curtis, 1970).
Delta shifting is common in progradational deltas 
(Curtis, 1970). Usually one course of a bifurcating dis­
tributary is favored and the other is abandoned. Once 
the previously-favored course overextends, the flow diverts 
into the steeper-gradient abandoned channel, shifting 
the locus of deposition (Frazier, 1967) .
Both local and large-scale channel shifting occurred 
on the Gallatin Delta, Delta front sheet sands in con­
structive deltas such as the Gallatin Delta may be evi­
dence for frequent local distributary shifting (Perm, 1970) , 
In the Pennsylvanian and Permian deltas of Texas, addi­
tional evidence for this frequent shifting is the presence 
of numerous superposed distributary channels and the 
lack of levee and overbank deposits (Brown, 1969) . At 
the Meadow Creek and Beaver Creek outcrops of the Gallatin 
Delta, distributary channels are also superposed, offset, 
and lack levee and overbank deposits (Plate 1 and 5). 
Therefore, frequent shifting probably also occurred in 
the Gallatin Delta.
Deltaic deposits in the geologic record contain much 
evidence of large-scale delta shifting (Donaldson, 1974; 
VanStraaten, 1961). For example, Donaldson (1974) inter­
prets shifts up to 300 miles (480 km) in Pennsylvanian 
Conemaugh and Monongahela Deltas of the central Appalachians.
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The Gallatin Delta also apparently shifted out of the 
area prior to the influx of volcaniclastics.
Two parallel subdeltas made up the Gallatin Delta 
in the area, one at the Sunken Forest outcrop and another 
at the Beaver Creek outcrop (Fig. 23). These locations 
have the thickest delta front sheet sand deposits in the 
area. Since thick delta front deposits coincide with 
trends of prograding streams (Frazier, 1967), these out­
crops probably represent two depositional loci or sub­
deltas. The largest distributary channels in the area 
overlie the delta front sheet sands at these locations, 
as expected. By contrast, outcrops between the two sub­
deltas such as on Cinnamon Mountain (Fig. 23 and 24) 
show considerably thinner delta deposits without distri­
butary channels.
The adjacent subdeltas could have developed simul­
taneously or could have formed from a single delta which 
shifted from one location to the other within the area. 
The volcaniclastic lithofacies lies above both the Beaver 
Creek and Sunken Forest subdeltas, however, providing a 
time reference. Since the volcaniclastic lithofacies 
blanketed deposits of both of the subdeltas, they must 
have existed simultaneously. The volcaniclastic litho­
facies was probably deposited in a deltaic marsh or 
swamp environment, as was the black, fissile shale with 
coal and peat zones above it (see p. and ). This
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Figure 23. Gallatin Delta (Muddy Sandstone) environments pri­
or to the influx of volcaniclastics. Two subdeltas make up 
the Gallatin Delta. Position of shoreline and subdelta out­
lines are generalized based on available information. Paleo- 
current rose diagrams and outcrops names are shown in Fig. 24
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Figure 24. Paleocurrent rose diagrams of Muddy Sandstone 
environments in the study area prior to influx of volcani­
clastics (see Fig. 23).
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suggests a cessation of deltaic sedimentation at that 
time which probably resulted from the entire delta shift­
ing out of the area.
I'Jhen rivers shift, widespread swamps which are lat­
erally continuous and aerially extensive develop on the 
abandoned delta surfaces (Curtis, 1970; Donaldson, 1974). 
Throughout the area the marsh deposits cover several en­
vironments. From west to east they blanket fluvial, 
distributary and delta front facies, thus disrupting the 
normal progradational sequence. These widespread marsh 
and swamp deposits covering the entire Gallatin Delta 
area are further evidence that the river shifted out of 
the area, temporarily ending deltaic sedimentation and 
initiating marsh development over the whole area.
Small-scale shifting also occurs within deltas 
through the process of crevassing (Welder, 1959). A 
crevasse system forms as a break in a major distributary 
natural levee during flood stage, initiating a new 
course for the distributary (Coleman and Gagliano, 1965). 
Crevasse splay deposits may exist at the Yellow Mule and 
Beaver Creek Ridge outcrops where paleocurrents at large 
angles to main distributaries are associated with high 
sedimentation rates indicated by abundant climbing rip­
ples (see p. 43) (Fig. 23 and 24; Plate 3 and 4).
"Cyclothems" or repetitive delta sequences commonly 
develop where shifting occurs in a delta (Dickinson, 1975).
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Subsidence also contributes to the development of these 
repetitive sequences (Allen, 1962). However, apparently 
no "cyclothems" exist in the Thermopolis, Muddy and Mowry 
Formations of the Gallatin Delta with the possible excep­
tion of the South Fork outcrop where a delta front sheet 
sandstone occurs above a distributary channel (Plate 2). 
Shoal-water deltas compact underlying sediment very lit­
tle (Fisk, 1961). This might account for the lack of 
"cyclothems" in the Gallatin Delta deposits. However, 
the shoal-water Carboniferous deltas of England and Scotland 
have "cyclothems” even with minimal compaction (Moore, 1959). 
The lack of repetitive delta sequences may also result 
from very rapid progradation. This occurs where large 
rivers empty into very shallow seas such as the modern 
Caspian Sea (VanStraaten, 1961),
The predominant paleocurrents of the Gallatin Delta 
flowed to the northeast in both the deltaic lobes (Fig. 23 
and 24). According to Pryor (1960) deltaic deposits pro­
duce uni-directional fan-shaped rose diagrams of cross­
bedding directions. Rose diagrams of the Sunken Forest 
and Beaver Creek subdelta distributary paleocurrents are 
fans similar to those Pryor (1960) found in the upper 
Cretaceous McNairy Delta and to those Fisk (1944) found 
for the Mississippi Delta distributaries (Fig. 24).
Rose diagrams of paleocurrents in the delta front 
environments of these subdeltas are less symmetrical and
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have .a greater standard deviation than those of the dis­
tributaries (Fig. 24). Pryor (1960) explains this as 
the tendency for greater paleocurrent standard deviations 
in deposits which are more marine than those which are 
more fluvial in deltaic environments. The complexity of 
currents in the delta front environment contributes to 
the increase in paleocurrent variance in this environment.
Figure 23 shows the paleogeography of the Gallatin 
Delta. The two lobes of the delta simultaneously shifted 
out of the area prior to the influx of volcaniclastics, 
and marsh development ensued throughout the area. The 
volcaniclastics settled over an extensinve marsh in the 
southeastern part of the study area (volcaniclastic litho­
facies) . In the northwestern part of the area streams 
choked with volcanic sediment braided and carried much 
of the sediment seaward to the northeast (white sandstone 
lithofacies; Fig, 25). As the influx of volcaniclastics 
declined, marsh again covered the entire area (mudstone 
lithofacies). Streams reverted to meandering and built 
up natural levees (mudstone lithofacies). Thin bentonite 
beds in the marsh deposits and volcaniclastics in the 
fluvial deposits indicate sporadic, weaker volcanic 
activity during this time. Paleocurrent data indicate that 
the direction of stream flow changed to southeasterly at 
this time, possibly as a result of subsidence of the 
marsh area.
— I_____
= n .u rr ib e .» ’ o f  r c o c i v n ^ s
^  B r c \ i d c , d  S + r c a r p i ^ ^  y P a lc o c u r rc r^ V  Dire, c + lorva
n -3 0
Middle Fork
BR AI DED S T R E A M S
n - 2 0
O u t c r o p  L o c a t i o n s
T1S
MARSH
T 8 5
n..
S h e d  h o r n  f A o v a n k c v in S u n k e n  F o r c s +
LUMeo-dow Crc.eW
Lincoln M oun ta in
MARSHTurnV> lcdow n R id a e
RSfR%E
Figure 25. Environments in the study area after the influx
of volcaniclastics: Braided stream deposits to the north make
ts
up the white sandstone lithofacies of the Muddy Sandstone, 
marsh deposits to the south make up the volcaniclastic litho­
facies .
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regional dep osi t i o n a l history
OF THE EARLY CRETACEOUS
Enough confusion and disagreement exist in regional 
interpretations of the Thermopolis-Muddy-Mowry sequence 
that McCookey e^ al. (1972) refer to it as "the Muddy 
problem" in the Geologic Atlas of the Rocky Mountains. 
The following regional depositional history of this se­
quence is based on interpretations of many workers, as 
well as my interpretations in the southern Madison and 
Gallatin Ranges. In cases of opposing interpretations,
I use the one based on what I consider the best evidence 
and which best fits the regional picture.
During the Aptian, a northward-draining alluvial 
plain existed in the northern Rocky Mountain region. 
Sedimentary deposits in this environment make up the 
Kootenai and Cloverly Formations (Eicher, 1962;
Mackenzie and Ryan, 1962) (Fig. 3). Sea level rose 
during the Early Cretaceous (LePichon, 1968; Rona, 1970; 
Rutland, 1973) resulting in a marine transgression into 
this area from the north (Eicher, 1962) (Fig. 26). The 
sea advanced rapidly (Cannon, 1966; Cries, 1962), re- 
working underlying terrestrial sediment and depositing 
sand, silt and clay of the "rusty beds" and Greybull 
Sandstone (Wulf, 1962).
West of the seaway, source rocks consisted primar­
ily of Paleozoic carbonate rocks (James, 1977), so very
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.little silicate sediment reached the seaway to the east. 
Carbonate environments predominated in marginal marine areas 
on the western side of the sea. Gastropods and ostracods 
thrived in coastal lakes up to hundreds of km̂ ., producing 
the "gastropod limestone" of the Kootenai Formation and the 
Draney Limestone of the Gannett Group (James, 1977).
In general, the "rusty beds" equivalents are most 
calcareous near the western margin of the sea (Schwartz,
1972) . Sediment on the eastern side of the seaway came 
from medium-grade metamorphic and sedimentary rocks of 
the craton (Chisholm, 1963). Therefore, the influx of 
silicate sediment was much greater than on the western 
side of the seaway, and deltas, estuaries and tidal flats 
(Fall River Sandstone) developed along the eastern coast 
(Mackenzie and Ryan, 1962; Waage, 1959).
Initially, the Cretaceous sea was shallow enough that 
underlying sediment was reworked into mature quartz sand 
deposits with oscillation ripple marks (Cannon, 1966;
Cobban, 1955; Curry, 1962; Cries, 1962; Cwinn, 1965;
Knappen and Moulton, 1930; Waage, 1959). However, very 
little sand exists in the "rusty beds" and Greybull 
Sandstone of a large area of central Wyoming, probably 
the deepest part of the sea (Haun and Barlow, 1962)
(Fig. 26). As the sea transgressed it reworked the under­
lying terrestrial sediment producing an unconformable 
contact of marine over terrestrial sediment throughout
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Figure 26. Earliest Albian transgression (modified from 
Chisholm, 1963; Haun and Barlow, 1962; James, 1977; MacKenzie 
and Ryan, 1962; Young, 1970).
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the area. In places clay rip-up clasts overlie the dis- 
conformity (Gwinn, 1965), and "rusty beds" fills topo­
graphic depressions on the underlying erosion surface 
(Roberts, 1972). Shoreline fluctuations and subsequent 
reworking by marine processes created gradational con­
tacts locally. These shoreline fluctuations in some 
areas produced a repetition of nonmarine deposits above 
the lowest nonmarine-marine contact (MacKenzie and Ryan, 
1965).
Black shale overlies the "rusty beds" and Greybull 
Sandstone, reflecting a deepening of the sea and depo­
sition of offshore mud of the Thermopolis and Skull 
Creek Formations. Periods of slow transgression pro­
duced a gradational change from shoreface ("rusty beds", 
Greybull Sandstone) to offshore (Thermopolis and Skull 
Creek Shales). Since the area had low relief, periods 
of rapid transgression caused more rapid shoreline dis­
placement (Cannon, 1966; Cries, 1962) and a sharp con­
tact between the shoreface and offshore deposits.
The paucity of marine fossils in the "rustybeds" 
and lower Thermopolis Shale may indicate adverse eco­
logical conditions such as brackish water, reducing 
environments on the sea floor, soft mud bottoms and 
turbid water (Curry, 1962; Eicher, 1962; Skolnick, 1958; 
Strong, 1969), Apparently planktonic foraminifera did 
not exist in the boreal sea which transgressed southward
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■(Eicher, 1962; Stelk and Wall, 1955). However, the 
absence of calcareous fossils may also result from selec­
tive destruction of original fauna since almost all cal­
careous fossils found, such as Ostrea and Inoceramus, 
have thick shells (Curry, 1962), Décalcification occurs in 
modern seas in environments rich in organic acids 
(VanStraaten, 1954). These conditions are good, however, 
for preserving plant microfossils. Several places, 
including the southern Madison and Gallatin Ranges; north­
western Wyoming; the Livingston, Montana area; and the 
Drummond, Montana area, have yielded well-preserved paly- 
nomorphs in the Thermopolis Shale (Davis, 1963; James,
1977; Tschudy and Veach, 1965).
During the Albian the southward-advancing sea joined 
a northward-transgressing Gulf sea at a drainage divide 
south of Kansas (Young, 1970) (Fig. 27). The increased 
circulation from the joining of the northern and southern 
seas may have alleviated some of the reducing conditions 
(Eicher, 1962). The abundance of foraminifera in the 
upper Thermopolis in the Big Horn Basin reflects this, 
although locally reducing conditions still existed 
(Eicher, 1962).
At the time of maximum transgression, the sea extended 
as far east as central South Dakota (Biggs and McGregor, 
1968) where the Thermopolis thins and pinches out over 
a fairly short distance (Gries, 1962); as far west as
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Drummond, Montana (Schwartz, 1972); and from Canada to 
the Gulf coast (Curry, 1962) . This was the only time 
during the Early Cretaceous that the seaway was open from 
the Arctic to the Gulf. This transgression is part of 
a major Cretaceous cycle called the Greenhorn Cycle 
(Kauffman, 1977) . A transgression of this magnitude did 
not occur again until the transgression of the Niobrara 
Cycle in Late Turonian (Kauffman, 1977).
Eventually, the sea again separated and the northern 
part retreated northward (Fig. 28). With this regression, 
a large delta built out from central South Dakota to 
eastern Wyoming and southeastern Montana (Wulf, 19 62). 
Farther east, streams cut broad, shallow channels in the 
upper Thermopolis deposits (Gries, 1962). These regressive 
marginal marine and fluvial deposits comprise the Newcastle 
Sandstone.
The southern shoreline regressed at least as far 
north as the Wind River Basin where the Muddy Sandstone 
includes deltas (Curry, 1978), barrier islands, lagoons, 
tidal flats and estuaries (Dresser, 1974; Gopinath, 1976) 
(Fig. 28). Deltas also built seaward form the western 
shore in the southern Madison and Gallatin Ranges. As 
the sea regressed and shoaled, deltaic sediment was reworked 
into offshore bars which extended across the sea (Haun 
and Barlow, 1962; Young, 1970). These deltaic and marine 
deposits make up the Muddy Sandstone (Fig, 28). Wulf (1968)
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estimates the depth of the sea at this time at about 
40 feet (12 m). Sharks, fish, turtles and crocodiles 
lived in this shallow sea (Pauli, 1962; Wulf, 1968).
During the Late Albian, the sea advanced again from 
the north (Fig. 29). On the eastern side, this trans­
gression eroded and reworked Newcastle shelf and deltaic 
sand and deposited a blanket marine sand, the Dynneson 
Sandstone (Wulf, 1962), which includes barrier bar-lagoon, 
offshore bar and beach environments (Berg, 1976; Biggs 
and McGregor, 1968; Stone, 1972). A transgressive uncon­
formity, therefore, separates the Newcastle and Dynneson 
Sandstones (Wulf, 1968), At the southern edge of the sea 
in the Wind River Basin, the transgressing sea reworked 
delta deposits. As on the eastern side of the sea, an 
unconformity separates deltaic deposits below from re­
worked nearshore marine sand above (Curry, 1978). On 
the western side of the sea, by contrast, sediment influx 
was great enough that progradation continued in spite of 
the sea’s transgression. Deltas prograded as far east as 
the Big Horn Basin (Pauli, 1962) and the Livingston, 
Montana area (Roberts, 1972).
Significant deposition of volcaniclastics began some 
time during the initial stages of the transgression.
In the southern Madison and Gallatin Ranges, 50 meters 
of fine volcaniclastic sediment covered delta plain
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marshes. Farther east in the Big Horn Basin, however, 
the first major influx of volcaniclasticsoccurred in 
the Thermopolis Shale offshore environment (Pauli, 1962) 
indicating that the shoreline had not prograded that far 
east at the initiation of volcaniclastic deposition.
In central Wyoming numerous thin bentonite beds in the 
Thermopolis Shale (Reeside and Cobban, 1960) mark the onset 
of volcaniclastic deposition. Volcaniclastics also exist 
in the Thermopolis Shale of central Montana (Knappen 
and Moulton, 1930; Schwartz, 1972) and northwestern 
Montana (Cobban, 1955) . In the Clark Fork Valley near 
Drummond, Montana, delta distributary deposits of the 
upper Taft Hill Member of the Blackleaf Formation mark 
the influx of abundant volcanic sediment. If these 
volcaniclastic deposits are contemporaneous, they indicate 
a northwesterly shoreline trend from northwestern Wyoming 
through the Drummond area.
Following deposition of the Dynneson Sandstone on 
the eastern side of the seaway, the sea deepened and 
spread east and south (Wulf, 1962) (Fig. 30). It advanced 
as far south as northeastern Utah and southern Colorado 
where it encroached upon deposits of northward-flowing 
rivers (Dakota Sandstone), depositing Mowry Shale over a 
transgressive unconformity (Vaughn and Picard, 1976).
Offshore mud of the Mowry Formation was deposited 
throughout the area and in many places contains fish scales
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and- bones (Cannon, 1966; Cobban, 1955; Pauli, 1957). 
Deposition of fine volcaniclastic sediment continued 
over a large area of the sea (Fig. 30), making up much 
of the Mowry silt and clay in this area (Rubey, 1929).
East of the Black Hills patchy silicification of the 
Mowry Formation marks the eastern extent of the volcani­
clastic sediment. Farther east in South Dakota, beyond 
the extent of the volcaniclastics, the Mowry Shale is 
not siliceous (Bolyard, 1969) and resembles the Skull 
Creek and Thermopolis Shales (Gries, 1962).
The area of volcaniclastics is thickest near the 
center of its western margin and thins progressively to­
wards the southern, eastern and northern margins (Moberly, 
1962; Reeside and Cobban, 1960) (Fig. 30). To the west 
the volcaniclastics coarsen and there is more altered 
volcanic debris and porcelanites (Reeside and Cobban,
1960). West of the sea, nonmarine deposits also contain 
westward-thickening volcaniclastic zones (Schwartz, 1972), 
such as the nonmarine Vaughn Bentonitic Member of the 
Blackleaf Formation near Great Falls (Gannon, 1966) and 
the volcaniclastic-rich upper Muddy Sandstone in the 
Gravelly Range (Mann, 1954).
During this Late Albian transgression, mud was de­
posited in both offshore and marsh environments. Near 
Livingston, Montana, the Mowry Shale is glauconitic, 
suggesting marine deposition (Roberts, 1972). However,
C O
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a short distance to the west, near Bozeman, Montana, it 
is very carbonaceous, contains plant fragments and thin 
coal seams, suggesting quiet, brackish water of a coastal 
marsh (Roberts, 1972). Freshwater fossils occur in the 
Mowry Formation of western Wyoming (Schrayer and Zarrella, 
1968). Most of the Mowry Shale in the southern Madison 
and Gallatin Ranges was deposited in deltaic and coastal 
marsh environments as well. Near Great Falls, Montana, 
the maximum transgression of the sea brought marine 
deposits (Bootlegger Member of the Blackleaf Formation) 
over the deltaic swamp deposits (Vaughn Bentonitic Member 
of the Blackleaf Formation) (Cannon, 1966), These marine 
deposits contain thick porcelanites as well as glauconite 
and fish scales. By contrast, near Drummond, Montana, 
the progradational sequence was not interrupted even at 
maximum transgression. The Dunkleberg Member of the 
Blackleaf Formation, deposited in fluvial environments, 
overlies the delta distributaries of the upper Taft Hill 
Member (Gwinn, 1965) . Volcaniclastics first appear in 
the upper Taft Hill Member so the Dunkleberg probably 
was deposited contemporaneously with the Mowry Shale.
The eventual withdrawal of this Late Albian sea 
brought deposition in coastal plain environments of the 
Frontier Formation over the western part of the study 
area.
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tectonics a nd sed imentation
The main rifting of Pangaea occurred during the 
Jurassic and Cretaceous and probably caused the Late 
Jurassic and Cretaceous Nevadan, Columbian and Sevier 
orogenies of western North America (Windley, 1976).
The North American plate rotated to the northwest at 
theonset of rifting (Coney, 1972), resulting in the 
subduction of the Pacific oceanic plate under the west­
ern margin of the North American plate (Burchfiel and 
Davis, 1972), and the development of four sedimentation 
areas; the trench, trench-arc gap, main volcano- 
plutonic arc and back-arc basin (Windley, 1976) (Fig.
31). The North American plate margin in the Early 
Jurassic probably extended through central Oregon and 
eastern Washington (Howell and McDougall, 1978) (Fig. 32).
A global tectonic event, the so-called "Cretaceous 
quiet interval" began in the Aptian (Early Cretaceous) 
and lasted 27 million years into the mid-Coniacian 
(Late Cretaceous) (Couillard and Irving, 1975). No 
magnetic reversals have been identified from this time 
period. Whatever affected the core-generated geomag­
netic field to produce this "quiet interval" apparently 
also affected plate activity since other global tectonic 
events began simultaneously with its onset : 1) a rapid
pulse of seafloor spreading (LePichon, 1968; Rutland,
1973, 2) production of a large number of seamounts
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Figure 31. Tectonic setting of the Early Cretaceous seaway.
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Figure 32. Map of Washington and Oregon showing approximate 
location of North American plate margin, Early Jurassic 
(Howell and McDougall, 1978).
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(Francheteau et , 1970), 3) development of new exten­
sive rifts (Couillard and Irving, 1975), and 4) large 
changes in direction and rates of continental drift 
(Irving and Park, 1972; Irving ^  , 1963).
Couillard and Irving (1975) explain the connection 
between no magnetic reversals and these global tectonic 
events as geologically sudden development of new volcanic 
sources within the mantle. This both affected the pat­
tern of plate tectonics and the temperature distribution 
of the core-mantle interface. These changes in tempera­
ture distribution altered the pattern of convective mo­
tion in the core,making it less symmetrical. This, in 
turn, created a more stable magnetic field and therefore 
no reversals (Couillard and Irving, 1975).
These changes in the earth's mantle and core ulti­
mately caused the Cretaceous transgression. The pulse 
of rapid seafloor spreading, production of seamounts and 
development of ridges in new rift zones caused oceans to 
spill onto continents (LePichon, 1968; Pitman and Hayes, 
1973; Rona, 1970; Rutland, 1973). A shallow sea there­
fore inundated the back-arc basin of the North American
plate during Late Aptian.
A decrease in the dip of the subduction zone may 
have caused lengthening of the trench-arc gap and east­
ward migration of the arc and associated back-arc basin 
from Late Jurassic to Late Cretaceous (Rutland, 1973;
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Figure 33. A generalized sequence of tectonic events from 
Late Jurassic through Early Cretaceous which may explain the 
sedimentary deposits of the Early Cretaceous seaway in Mon­
tana (modified from Suttner, 1969).
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Souther, 1972) (Fig. 31 and 33). This culminated in the 
Laramide orogeny in Montana. Early Tertiary slowing of 
the North American plate movement and change in direction 
of movement may have resulted in reduction of tectonic 
activity (Coney, 1972). A major shift in the subduction 
pattern occurred early in the Oligocene (Lipman e£ , 
1971) when igneous activity apparently shifted from its 
easternmost location in Montana to its present location 
in the Cascade Mountains.
The Upper Jurassic Morrison Formation of western 
Wyoming and southeastern Idaho contains montmorillonite 
derived from volcanic ash (Purer, 1970; Moberly, 1960). 
The source was probably predominantly to the southwest 
(Furor, 1970) (Fig. 33-1). By Aptian when the Kootenai 
and Cloverly Formations were deposited, the orogenic 
zone had migrated from central to eastern Oregon and 
parts of Idaho (James, 1977) (Fig. 33-2). Volcanic ash 
exists in the Cloverly Formation in the Bighorn Basin 
and in the Kootenai Formation in parts of southwestern 
Montana (Lauer, 1967; Ray, 1967; Rose, 1967). By Albian, 
when the Thermopolis-Muddy-Mowry sequence was deposited, 
the orogenic belt was in Idaho and parts of western 
Montana (Schwartz, 1972) (Fig. 33-3). Eastward from 
the arc, the back-arc basin consisted of a rapidly sub­
siding foreland basin in western Montana and eastern 
Idaho, and a more slowly subsiding unstable shelf farther
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east which extended Into the Dakotas (Dickinson, 1974; 
Schwartz, 1972) (Fig. 34).
Local arches and embayments existed in the foreland 
basin and unstable shelf areas (Schwartz, 1972; Shurr, 
1978) (Fig. 34). The Belt Arch uplifted during the Juras­
sic, but subsided forming a basin during Kootenai deposi­
tion (Suttner, 1969). Isopach and compositional data 
suggest that activity renewed along the Belt Arch during 
deposition of the Muddy Sandstone (James, 1977). Also 
during the Albian, an arch began to develop where the 
Boulder Batholith exists today (Schwartz, 1972) and an 
east-west trending negative zone, the central Montana 
embayment, developed in the Sun River-Great Falls, Mon­
tana area (Schwartz, 1972). On the eastern side of the 
shelf, the present Black Hills area also subsided during 
early Albian, but stabilized by late Albian (Bolyard,
1969).
Early Cretaceous sedimentation trends are related 
to this tectonic setting. Sediment coarsens toward the 
western side of the basin (Reeside, 1957) and nonmarine 
rocks thicken at the expense of marine (Cobban, 1955).
The bulk of detritus came from uplifted sedimentary 
terranes to the west or southwest (Gwinn, 1965). In 
general, the Thermopolis-Muddy-Mowry sequence and equiv­
alents thicken from about 1000 ft (305 m) in the shelf 
areas to over 3000 ft (915 m) in the foreland basin zone
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^0%
'
96
97
of western Montana (McMannis, 1965; Schwartz, 1972).
Sand content decreases to the east with maximum values 
in southwestern Montana (Schwartz, 1972).
In the late Albian the volcano-plutonic arc was 
close enough to produce thick layers of volcaniclastics 
in Montana. Radiometric dates for the Idaho Batholith 
indicate Late Cretaceous emplacement (McDowell and 
Kulp, 1969). Most of the Albian volcanic activity, 
therefore, must have been west of the present Idaho 
Batholith location. However, evidence exists for some 
volcanic activity in western Montana during the Early
Cretaceous (Mudge and Sheppard, 1968; Schwartz, 1972).
Other sediment derived from the west came from up­
lifted older sedimentary rocks in the tectonic uplands
east of the volcanic activity (Chisholm, 1963) (Fig. 34), 
but there is no sedimentary evidence that erosion un­
roofed batholiths at this time (Schwartz, 1972). On 
the eastern side of the back-arc basin seaway, sediment 
came from medium-grade metamorphics and sedimentary
rocks of the craton (Chisholm, 1963). In addition, the 
transgressing sea brought in sediment from the borders 
of the Canadian Shield (Chisholm, 1963).
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PALEOBOTANY
Although few invertebrate fossils exist in the 
Thermopolis, Muddy and Mowry Formations of the southern 
Madison and Gallatin Ranges, palynomorphs and plant 
macrofossils are relatively abundant and well-preserved 
locally. The palynomorphs are best preserved in the 
black shale lithofacies (Thermopolis Formation), the 
volcaniclastic lithofacies (Mowry Formation) and the 
mudstone lithofacies (Mowry Formation). Plant macro­
fossils exist in all three formations. In the black 
shale lithofacies (Thermopolis Formation) macrofossils 
consist of fragmented unidentifiable stem pieces. Many 
poorly-preserved or fragmented plant pieces up to tree 
trunk size also occur in the distributary channel bottoms 
of the Muddy Sandstone. Occasional clusters of angio- 
sperm leaves are well preserved in the delta front environ­
ments of the Muddy Sandstone. They presumably broke 
off in clusters during storms and were buried rapidly 
because of rapid sedimentation rates in the delta front 
environment (Brown and Gow, 1976). The volcaniclastic 
lithofacies (Mowry Formation) contains a well-preserved 
pteridophyte floral assemblage,and the mudstone lithofacies 
(Mowry Formation) along Buck Creek contains many well- 
preserved angiosperm leaves.
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Angiosperms
Unequivocal angiosperm leaves do not occur anywhere 
in the world in rocks older than Early Cretaceous (Hickey 
and Doyle, 1977). Since no angiosperm leaves have been 
found in the Kootenai Formation (Aptian) in Montana, it 
is possible that the leaves in the Muddy Formation repre­
sent some of the earliest angiosperms in Montana. I have 
tentatively identified angiosperm leaves from the delta 
front sheet sandstone (Muddy Formation) at the Sunken 
Forest outcrop as Cinnamomum, Sapindus, AraliaephyHum 
and Ficus, and those at the Buck Creek outcrop as 
Sapindopsis.
Pteridophytes
The well-preserved ferns of the volcaniclastic 
lithofacies (Mowry Formation) make up a floral assemblage 
similar to that of the Frontier Formation of southwestern 
Wyoming (Knowlton, 1918) and to Lower Cretaceous floral 
assemblages of western Canada (Bell, 1956). Confusion 
exists concerning the names given to these plants.
Knowlton (1918) named the ferns from the Frontier Forma­
tion. Bell (1956), without reference to Knowlton's 
nomenclature, assigned different names to very similar 
ferns in Lower Cretaceous rocks of western Canada. The 
strong resemblance among ferns of Knowlton's and Bell's 
assemblages and those of this study indicate that they are
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probably the same plants. If so, the nomenclature requires 
clarification.
Two of Knowlton's ferns occur in organic connection 
in the Mowry Formation assemblage of this study, making 
one of the names obsolete. Anemia fremonti Knowlton 
(sterile part; Fig. 35) occurs in organic connection 
with Microtaenia paucifolia (Hall) Knowlton (fertile 
part; Fig. 35, 36). The latter name should take prece­
dence since it is based on Hall's (1888) nomenclature. 
Coniopteris brevifolia (Fontaine) Bell (Fig. 35) found 
in western Canada, apparently is also the same plant 
with both fertile and sterile parts (Bell, 1956). Hall's 
(1888) identification predates Fontaine's (1905) so the 
name Microtaenia paucifolia (Hall) Knowlton should apply 
to this plant.
Coniopteris brevifolia (Fontaine) Bell and Microtaenia 
variabilis Knowlton (Fig. 37) strongly resemble each 
other and a fern in the Mowry assemblage. The name 
Coniopteris brevifolia has an older history so should 
be used for these plants, Another fern in the Mowry 
Formation assemblage of this study is very similar to both 
Pennstaedtia? fremonti (Hall) Knowlton and to Coniopteris 
berryi Bell (Fig. 38). In this case, Knowlton's nomen­
clature was established before Bell's so the name 
Dennis taedtia? fremonti should take precedence.
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Figure 35. 
Synonyms :
Microtaenia paucifolia (Hall) Knowlton 
(Plate XXX,* Fig. 1, Knowlton, 1918).
Coniopteris brevifqj^ia (Fontaine) Bell 
(Plate II., Fig. 4, Bell, 1956).
Anemia fremonti Knowlton (sterile part) 
(Plate XXXI, Fig. 1, Knowlton, I9I8).
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Figure 36. Microtaenia paucifolia (Hall) Knowlton (fertile part) 
(plate XXX, Fig. T] Knowlton, 1918).
. 75x
Figure 37. 
Synonym;
Coniopteris brevifolia (Fontaine) Bell 
(Plate I, Fig. 2,“ Bell, 1956) .
Microtaenia variabilis Knowlton 
(Plate XXIX, Fig .””3^47 Knowlton, 1918)
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Figure 38. Dennstaedtia? fremonti (Hall) Knowlton 
(Plate XXX,” Fig. 5; Plate XXXI, Fig, 1, 
Knowlton, 1918).
Synonym: Coniopteris berryi Bell
■(PlatèVT,“ Flirty Bell, 1956),
1 0 4
Comparisons between Knowlton*s and Bell's ferns 
(Fig. 39) are based on their figures. Although the fig­
ures are of good quality, these changes in nomenclature 
are considered tentative until confirmed by comparisons 
of actual specimens.
The pteridophyte assemblage of the volcaniclastic 
lithofacies includes sterile and fertile fronds of 
Microtaenia paucifolia (Hall) Knowlton (Fig. 36),
Coniopteris brevifolia (Fontaine) Bell (Fig. 37),
Coniopteris yukonensis Bell (Fig. 41), Dennstaedtia? 
fremonti Knowlton (Fig, 38), Cladophlebls oblongifolia 
Fontaine (Fig. 4o) and Gleichenia delicatula Heer (Fig.
42). In addition, numerous plant stem pieces occur in 
the volcaniclastic lithofacies, none of which was found 
in association with foliage of any kind. They have 
definite ridges and furrows, and several types of pro­
jections originating at apparent nodes (Fig, 43).
Paleoclimate
The ferns of the volcaniclastic lithofacies closely 
resemble modern ferns found almost exclusively in tropi­
cal and subtropical regions. A number of workers have 
interpreted the Early Cretaceous climate of the northern 
Rockies region as warm temperate to subtropical and 
humid based on comparisons of modern and Early Cretaceous 
plants (Good, 1947; Knowlton, 1921; Lesquereux, 1892;
Smiley in Wilson, 1970), However, other workers maintain
Knowlton Bell
’Figure # 
This Study
Anenia fremonti Knowlton Coniopteris brevifolia (Fontaine) Bell
(Correct name is '''Microtaenia paucifolia (Hall) Knowlton since Anemia frononti is in organic 
connection with this plant. ) '
'#Lcrotaenia paucifolia (Hall) Knowlton
liicrotaenia variabilis Knowlton
'̂Dennstaedtia? franonti (Hall) Knowlton
Coniopteris brevifolia (Fontaine) Bell 
'Coniopteris brevifolia (Fontaine) Bell 
Coniopteris berryi Bell
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35, 36
37
35
Figure 39. Relationship between nomenclature used by Knowlton (1918) and Bell (1956) 
and specimens from this study. Asterisk (*) indicates name which should 
take precedence based on earliest reports in literature. Others are 
synonyms.
o
1 0 6
2x
Figure 41. 
Coniopteris 
yukonensis Bell
Figure 40. Cladophlebis oblongiofolia 
Fontaine.
1 07
Figure 42, Gleichenia delicatula Heer
1 08
2%
Figure 43. Unidentified stems with projections
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that paleoclimate determinations based on extrapolation 
from the modern are invalid in the Early Cretaceous 
(Krassilov, 1963; Krausel, 1961). According to Krassilov 
(1963), plants may be used to determine paleoclimate as 
far back as Early Cretaceous only through the use of 
life-form statistics and phytosociological criteria.
The collection of plants from the volcaniclastic litho­
facies was not large enough or extensive enough to yield 
statistical data of this type, so I cannot draw any con­
clusions concerning paleoclimate based on this floral 
assemblage alone.
Paleoclimate interpretations based on invertebrate 
and vertebrate fossil evidence generally support inter­
pretations based on plant macrofossils. Inoceramus 
bellevuensis belongs to the Early Cretaceous Tethyan 
faunal belt indicating a mild, possibly subtropical cli­
mate (Reeside, 1957). Romer (1945) interprets Early 
Cretaceous fossils of Crocodilia as evidence for mild 
climates since modern crocodiles are primarily restricted 
to warm temperate to tropical climates.
Oxygen isotope analysis of shells of many Cretaceous 
invertebrates indicates marine temperature ranges of 
modern warm temperate to tropical (Bowen, 1966). This 
analysis shows that an Early Cretaceous maxima occurred 
during the Albian with polar temperatures of 16-17°C and 
marine temperatures of 17-27°C (Bowen, 1966). There is
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enough information from these studies and others to con­
clude that the Early Cretaceous climates were signifi­
cantly warmer and more uniform than those of today 
(Kauffman, 1975; Schwarzback, 1963).
Palynology
Palynomoph studies of the Thermopolis and Mowry 
shales in the study area also reveal fern spores from 
several pteridophyte families found primarily or exclu­
sively in subtropical and tropical regions today. 
Appendix 1 shows photographs of palynomorphs and micro­
plankton from the Thermopolis and Mowry shales. Paly­
nomorphs include spores from Sphagnaceae, Lycopodiaceae, 
Qsmundaceae, Schizeaceae, Gleicheniaceae, Dicksoniaceae 
and pollen from Caytoniaceae, Taxodiaceae, Ephedraceae, 
Pinaceae, as well as monosulcate and reticulate tricol- 
pate angiosperm pollen. This flora contains moss, 
Lycopodium (club moss), ferns, conifers and flowering 
plants.
Time ranges for these palynomorphs indicate an 
Albian age for the Thermopolis, Muddy and Mowry Forma­
tions exclusive of the "rusty beds." All known time 
ranges of palynomorphs identified in this study from 
the Thermopolis and Mowry Formations include Albian, 
and seven of the palynomorphs are known only from the 
Albian: (Biretisporites potoniaei, Anemia exilioides,
Ill
Camarazonosporites insignis, Converrucosporites equlsetum, 
Taurocusporites segmentatus, Alisporites grandis,
Circulina parva; Hedlund and Norris, 1968; Singh, 1971). 
Figure 44 shows ranges of all the palynomorphs from the 
Thermopolis and Mowry Formations in this study which oc­
curred between the Neocomian (Barremian) and Cenomanian 
epochs. All but one (Retitricolpites vulgaris) have 
ranges which fall primarily in the Albian. The pollen 
and spores of this study fall into two palynomorph suites 
established by Norris e_t a]̂ . (1975) for western Canada, 
the pre-tricolpate suite and the early tricolpate suite. 
Conifer, pteridophyte and bryophyte palynomorphs make up 
the pre-tricolpate suite which in western Canada is mid­
dle Albian. The presence of early angiosperm pollen dis­
tinguishes the early tricolpate suite which is Late 
Albian in western Canada.
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Figure 44. Ranges of Cretaceous palynomorphs identified from 
the Thermopolis and Mowry Shales of this study. All ranges 
overlap in the Albian indicating an Albian age for the iherm- 
opolis, Muddy and Mowry Formations.
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SUMMARY
The Albian Thermopolis, Muddy and Mowry Formations 
in the southern Madison and Gallatin Ranges of Montana 
record, in a small scale, the geologic effects of global 
events. The initial transgression of the Cretaceous sea 
may be a response to a global rise in sea level. The 
opening of the Atlantic and changes in plate rotation 
probably produced a subduction zone west of the study 
area. The presence of volcaniclastics, therefore, re­
flects the proximity of a volcano-plutonic arc related 
to this subduction.
The earliest record of angiosperm leaves and paly­
nomorphs in Montana is in the Thermopolis and Muddy 
Formations and equivalents. This reflects a global 
botanical change because throughout the world angiosperm 
leaves are only well-documented from Albian and younger 
rocks.
In addition to these responses to global events, 
the Thermopolis, Muddy and Mowry Formations in the south­
ern Madison and Gallatin Ranges record that area's 
specific history of changes in sedimentary environments.
The Gallatin Delta was a major sedimentary feature in 
the area. It contains several distinct lithofacies 
which document it as a fluvially-dominated, shallow- 
water delta. Other sedimentary features in the area
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developed in environments from coastal plain to near­
shore and offshore marine. The Thermopolis, Muddy and 
Mowry Formations show that the Albian was a geologically 
dynamic time, both globally and within the study area 
itself.
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magnification: 400X
SPORES OF LOWER PLANTS 
Family Sphagnaceae (Moss)
Stereisporites sp. 
Mowry Formation
Family Lycopodiaceae (Club. Moss)
Lycopodiumsporites sp. Lycopodiacidites sp. J^copodiacidites sp. 
Mowry Formation Mowry Formation Tnermopolis Formation
SPORES OF PTERIDOPHYTA (Ferns) 
Family Osraundaceae
Biretisporites potoniaei 
Delcourt and Sprumont 
Mowry Foimation 
range: Albian only
Biretisporites potoniaei 
Delcourt and Sprumont 
Mowry Formation 
range : Albian only
Family Schizeaceae
Appendicisporites 
cf. A. tricornitatus 
Weyland and Krieger 
Thermopolis Formation
Cicatricos isporites 
cf. Anemia exilioides Maljavkina 
Mowry Formation
range: middle and late Albian only
magnification: 400X 116
SPORES OF PTERIDOPHYTA (cent.)
Family Schizeaceae
Cicatricosisporites coconinoensis 
Agasie 
Mowry Formation
Cicatricosisporites 
cf. C. ver^cosus Kimyai 
Mowry Formation
Cicatricosisporites sp, 
Thermopolis Foimation
Cicatricosisporites 
cf. C. hughesi Dettmann 
Mowry Formation 
range: Late Aptian and Albian
cicatricesisporites sp. 
Mowry Foimation
Cicatrices isporites sp. 
Theimc^oïïs Formation
Cicatricosisporites sp. 
Ikswry Foimation
Cicatricosisporites sp. 
Thermopolis Formation
Cicatricosisporites sp. 
Mowry Foimation
Cicatricosisporites sp. 
Mowry Foimation
magnification: 400X • 117
SPORES OF PTERIDOPHYTA (cont.)
Family Schizeaceae
I
Cicatrices isporites sp. 
Mowry Formation
Cicatricosisporites sp, 
Mowry Formation
Cicatricosisporites sp, 
>fowry Formation
Costatoperforosporites foveolatus
■ D é a k --------------
Mowry Formation
range: Late Aptian and Albian
Costatoperforosporites sp. 
Mowry Formation
l^godium
Tnermopo:
sp. (with sexine)
opolis Foimation
Klukisporites pseudoreticulatus 
Couper 
Mowry Foimation 
range: Barremian to Albian
magnification: 400X
SPORES OF PTERIDOPHYTA (cont.)
Family Gleicheneaceae
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Gleicheniidites seronicus Ross
Mowry Formation
range: Jurassic and Cretaceous
Gleicheniidites 
cf. G. lamontensis Habib 
Mowry Formation
Gleicheniidites sp. 
Mowry Foimation
Gleicheniidites sp. 
Mowry Formation
Gleicheniidites sp. 
Mowry Foimation
Gleicheniidites sp. 
Mowry Formation
Family Dicksoniaceae
Cyathidites australis Couper
Mowry Foimation
range: Jurassic and Cretaceous
Cyathidites australis Couper
MDwry Formation
range: Jurassic and Cretaceous
athidites minor Couper
ermopolis Formation 
range: Jurassic and Cretaceous
magnification: 400X 119
SPORES OF. PTERIDOPHYTA (cont.)
Family affinity uncertain
Camarozonosporites insignis 
Norris 
Thermopolis Formation 
range: Albian and Cenomanian
Camarozonosporites insignls 
Norris 
Mowry Formation 
range: Albian and Cenomanian
cf. Camarozonosporites
Mowry Formation
range: Albian and Cenomanian
Converrucosporites equisitum 
Theimopoïïs Formation 
range: middle and late Albian
Deltoidospora 
cfi D. diaphana Wilson and Weber 
Mowry Formation
range: late Jurassic through Tertiary
Foveotriletes
cf. F. subtriangularis Brenner 
Thermopolis Formation 
range: Berriasian through Albian
Taurocusporites segmentatus 
Stover 
Mowry Formation 
range: Albian only
Undulatisporites
cf. U. pannuceus (Brenner) Singh 
Thermopolis Formation 
range: Barremian through early 
Cretaceous
niagnif icat ion : 40OX 120
STORES OF PTERIDOPHYTA (cont.)
Family affinity uncertain
m
Pilosisporites sp. 
Thermopolis Formation Pilosisporites sp. Thermopolis Foimation
Spore of Unknown affinity
Inaperturopollenites sp. 
Mowry Formation 
range: Albian
POLLEN
Family Catoniaceae Family Taxodiaceae
Vitreisporites pallidus (Re is singer) 
Nilsson 
Mowry Formation
range: Triassic through Cretaceous
Perinopo11inites 
cf. P. elatoides Couper 
Thermopolis Foimation 
range: early Jurassic 
through Cenomanian
Family Ephedraceae
Equisetosporites sp, 
Mowry Formation
magnification: 400X 121
CONIFER POLLEN 
Thermopolis Foimation
Parvisaccites sp, Parvisaccites sp.
Podocarpites sp.
I
Podocarpites sp.
magnif icat ion: 4 0 OX 122
CONIFER POLLEN 
Mowry Formation
Al isporites grandis 
(Cookson) Dettmann 
range: Albian only
cf. Cedripites
ë.
magnification: 400X 123
ANGIOSPERM POLLEN
Retitricolpites sphaeroides 
Pierce 
Mowry Formation
Retitricolpites sphaeroides 
Pierce 
Mowry Formation
cf. Retitricolpites 
Mowry Formation
Retitricolpites 
cf. R. v^garis Pierce 
Mowry Formation 
range: middle Albian 
through Cenomanian
Retitricolpites sphaeroides 
Pierce 
Mowry Foimation
cf. Retitricolpites 
Thermopolis Formation
cf. Retitricolpites 
Thermopolis Formation
Tricolpites sp. 
Mowry Formation
cf. Stephanocolpites 
Mowry Formation
Circulina parva Brenner 
upper Thermopolis Formation 
range : Albian only
magnification: 400X 124
MICROPLANKTON
Hystrichosphaeridium tubiferum 
(Ehrenberg) Deflandre 
Thermopolis Formation
Baltisphaeridium sp. 
Mowry Formation
Pseudoceratium sp. 
Ihermopolis Formation
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